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THE UNIVERSITIES AND THE 
COMMUNITY 


N recent months there have been many discussions, 
lectures and even books on the purpose and func- 
tion of universities. These institutions, many of 
them of venerable age and with long traditions, have 
had to meet changing conditions, and are indeed 
successfully adapting themselves to the needs of the 
times. In that process, however, they need all the 
support which an enlightened public opinion can 
give them. 

A recent book in this field, Dr. Robert M. Hutchins’s 
“The University of Utopia’, is particularly inter- 
esting and has already been mentioned in these 
columns. Dealing with the hazards to education 
arising from industrialization, Dr. Hutchins makes 
it clear how serious may be the consequences of any 
narrow view of education, even at the technical, 
let alone the university, level. He fully recognizes 
the difficulty of making work significant in an 
industrial, mechanized economy. None the less, he 
maintains, like Mill,. that the true strength of a 
democratic society lies in the character of its citizens. 
Indeed, there is much in his book that is relevant 
to the debate on university entrance requirements 
raised by the pamphlet recently issued by the Joint 
Matriculation Board. That pamphlet, affirming a 
belief in the value of the broad-based entry, argues 
that without the protection which such an examina- 
tion affords, the schools, and especially the smaller 
ones, would be exposed to the narrowing influences 
of vocational demands, which could not easily be 
resisted. 

There is much support for this argument; but 
whatever the decisions as to where the basis of 
education is to be broadened, it should not be taken 
without a clear conception of what is involved. Like 
the Utopians described by Dr. Hutchins, we should 
first ask ourselves what it is we are trying to do, and 
have regard not merely to the vocational demands 
but also to the implications of education for leisure 
and the purpose of university education, before we 
prescribe its content. We must, as Sir Charles Morris 
emphasized last spring in his Joseph Payne Memorial 
Lectures on “The Idea of University Education” 
(published in the Universities Quarterly of August 
and November 1954), recognize that there are limits 
to what a university can give in the short span of a 
student’s life at a university. Moreover, if for the 
reasons which Dr. Hutchins, A. N. Whitehead, Sir 
Charles Morris, Sir Hector Hetherington and others 
agree in giving, @ university is not concerned to 
impart a stock of information or of tricks of some 
specialized trade, we must be quite clear as to what 
@ university should seek to give its students by way 
of preparation for their future careers. 

It is by the influence that it exerts upon the sub- 
sequent lives of action of its graduates that university 
education will be mainly judged, as Sir Charles 
Morris rightly remarks ; and the answer he gives to 
the question what can the university do to encourage 
the development of the faculties and capacities by 
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which young people will be able to make the judg- 
ments necessary for their actions and decisions 
if they are to serve their generation as rational, 
educated men and women, is first and foremost that 
it should impart a sturdy faith in the power of reason 
in human affairs. It may be taken for granted that 
personal contact between teachers and taught, as 
well as between students—which not only makes for 
education in living but also contributes to the ability 
to communicate with others—is no less important 
than the grasp of fundamental ideas. Further, the 
faith in the power of reason and the ability to com- 
municate with others are not only the essentials of 
an educated man or woman; they are equally the 
conditions for the survival of democratic society. 

It follows, therefore, that if the universities put 
first things first and are really carrying out their 
educational responsibility, they are once again 
making their protest against the isolation of man 
from man of which John Richard Green wrote, and 
they will at the same time renew that contact with 
the world outside which Mansbridge stressed as so 
important when he was writing of the older univer- 
sities. In serving this ideal, the variation in method 
between university and university in the pursuit and 
exposition of knowledge for its own intrinsic sake 
may be quite immaterial. Indeed, as Sir Ernest 
Barker has commented, poor accommodation may 
often be a spur to good education ; at least it is no 
obstacle in inculeating the habit of learning. 

But it must be remembered that a university is 
also a home of learning, a place where our inheritance 
of knowledge is increased and kept alive—a place, in 
Whitehead’s words, for the imaginative acquisition 
of knowledge. Sir Charles Morris, pointing to the 
achievements of recent years, remarks that imagina- 
tion cannot have been entirely atrophied in the 
specialist of to-day in his youth; but none the less, 
he wonders whether specialized success is to some 
extent being bought at the cost of starvation of the 
imagination and of élan. Certainly that is a danger 
to which the university teacher could easily be 
exposed, both through outside pressure and a general 
failure to understand the purpose of a university, and 
through confusion as to the proper place of research 
in the work of a university. 

While, however, the vigorous quest for new know- 
ledge is necessary to maintain the vitality of university 
teaching, it is less certain that the dedicated research 
worker benefits by giving up some of his energy in 
teaching; and there can be no doubt at all that 
many students who are induced to undertake research 
neither profit by it themselves nor obtain results of 
high importance in their investigations. Without 
restricting entry to a university to anything like the 
extent which characterizes the University of Utopia 
described by Dr. Hutchins, or transferring to other 
institutions, such as the colleges of technology, much of 
the vocational education or training at present given 
in British universities, it would still seem worth while 
to reconsider the place of research in university work. 
While ensuring full opportunity for research for the 
university teacher, it might be wise not to encourage 
the undergraduate and postgraduate student to take 
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up research, unless he shows distinct promise of con- 
tributing to. knowledge or benefiting significantly by 
such activities. Even for the university teacher, it 
is as well to remember Dr. Hutchins’s caution as to 
the importance of reflective thinking. What a 
university teacher or student needs above all is time 
for reflexion: when other activities, no matter what 
they are, leave the teacher or student no time for 
serious thinking, the university is missing its mark. 
Here, as in discussing the educational function of 
the university, Dr. Hutchins’s message for the British 
reader is a waning of the importance of maintaining 
standards. There is little reason for thinking that 
British universities are in any grave danger of 
making excessive concessions to vocational training, 
though the warning is one to be kept in mind, par- 
ticularly in planning the expansion of technological 
and of technical education. Narrowness of mind, 
inability to take broad views and obtuseness in 
handling other men are more likely to arise from 
over-specialization in school, and the preoccupations 
caused by extra-mural pressures may well limit the 
ability of the university to correct such defects or 
tendencies within the span of three academic years. 
None the less, the warning is timely, and the way in 
which Dr. Hutchins sets his University of Utopia, not 
merely at the apex of the educational system but 
also against the social background, reminds us that 
the success with which the universities pursue and 
impart learning with imagination, breadth and vision 
depends not on themselves alone, but on the co- 
operation of the schools and the understanding and 
support of public opinion. Where support is with- 
held, and lack of understanding circumscribes the 
activities of the university and infringes its freedom 
of investigation and discussion, the lighted torch 
burns dim. It can only be handed on flaming strong]; 
when the purpose and functions of the university are 
clearly understood and strongly upheld by the 
community of which the university is part. 


DESIGN OF STEEL BUILDING 
FRAMES 


The Steel Skeleton 
By Prof. J. F. Baker. Vol. 1: Elastic Behaviour 
and Design. Pp. xi+206+4 plates. (Cambridge: 
At the University Press, 1954.) 42s. net. 

HIS is the first volume of a new two-volume 

work by Prof. J. F. Baker on the scientific study 
and logical design of the steel building frame. The 
second volume, yet to appear, will deal with the 
plastic behaviour of the structure and will, without 
doubt, be the more eagerly awaited part of the work. 
The present volume is largely historical in its content. 
It shows, step by step, how the logical attack on the 
problem developed, and what stage has now been 
reached in the study of the elastic behaviour of the 
steel frame. The first nine chapters describe the 
activities of the Steel Structures Research Com- 
mittee in its seven years of active investigation 
(1929-36) of stresses in building frames. The neces- 
sity of such repetition of published work might well 
be questioned, but justification lies in the fact that, 
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after the bombing of the Second World War, 
relatively few of these reports were in existence. 

The Committee, of which Prof. Baker was technical 
secretary, found the conventional, simple method of 
design to be irrational and inexact. As a result of 
many tests on existing buildings, on a specially 
constructed frame, and on laboratory specimens, a 
new and rational method of design was devised. 
This method is, once more, described by Prof. Baker. 
In 1936 when it was first put forward as a solution 
to the problem of the steel frame, designers found it 
complex and time-consuming, and discovered also 
that there was no significant economy in the amount 
of material used. The semi-rigid steel skeleton was 
also sensitive to settlement and to variations in 
workmanship and materials, and the new recom- 
mendations were ignored. 

Perhaps Chapter 14, “The Reception of the 
Recommendation”, with its closely argued and 
critical review of the attempts made to guide the 
designer of steel frame, is the part of the book which 
carries the most vital lesson for the engineer. The 
first publication of the Steel Structures Research 
Committee (1931) comprised a “Code of Practice for 
the Use of Structural Steel in Building’. This was 
meant to be of temporary assistance to éngineers 
until the results of research could be made public. 
It was based, as all codes of practice tend to be, on 
current practice. It looked back while the Com- 
mittee looked forward. In spite of that, its terms 
were embodied in London County Council regulations 
and in British Standards Specification 449, and it 
controlled the design of steel frames in Britain until 
1948. 

After the tacit rejection of the Committee's 
research by the disregard paid to its recommenda- 
tions, a further attempt was made by a joint com- 
mittee of the Institution of Civil Engineers and the 
Institution of Structural Engineers to draw up a 
revised code of practice which would be more 
acceptable to the profession and yet embody much 
of the new knowledge as yet unused. A war-time 
Steel Structures Committee supported this revised 
code of practice. 

Coming nearer the present day, Prof. Baker 
describes the new British Standard 449 of 1948. The 
new Standard describes both semi-rigid and fully- 
rigid design methods—tthe first official encouragement 
for the rational methods reported in 1936. The 
revision, however, does not constitute a real accept- 
ance of the ideas of the Steel Structures ‘Research 
Committee, and Prof. Baker sees in B.S. 449-1948 a 
potential if not a present danger. The B.S.S. 449 of 
the 1930’s showed the current practice ; the Com- 
mittee pointed the way to the future. B.S. 449-1948 
is neither based on long-established practice nor 
firmly on the Committee’s findings. It has taken a 
step in an unknown direction. When this Standard 
comes up for revision, Prof. Baker fears a further 
step ‘over the edge’. 

We are now approaching the nineteenth year since 
the behaviour of the steel skeleton in the elastic field 
was first defined, and logical answers given to design 
problems. At the Building Research Congress in 1951 
there were signs that the designer is still searching 
for an answer to these problems and perhaps inclined 
to look at the views of the Steel Structures Research 
Committee. This volume, with its wealth of scientific 
results and deductions and its history of a rather 
unhappy and confused chapter in the history of 
structural engineering, comes as a salutary lesson. 
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Prof. Baker, perhaps unnecessarily kind to the 
reader, makes the confusion of codes and recom- 
mendations less confused by omitting all reference 
to Code of Practice 113 which appeared at about the 
same time as B.S. 449-1948, and conflicted with it in 
@ way which did no credit to the co-ordinating ability 
of engineers. The designer can learn much from this 
book—much of technical value in his work and much 
of the gulf which still exists between the scientific 
research worker pushing ahead in new fields and the 
so-called ‘practical’ man, too often afraid to adventure 
where the man of science has trod. 

As a minor criticism it should be noted that the 
British Standards Institution abandoned the use 
of the word ‘Specification’? some years ago. Its 
publications are ‘“‘British Standards’. Finally, why 
should this volume be 10} in. high? It will be a 
physical embarrassment to shelves adjusted to other 
‘structural’ publications. W. FisHEeR CASSIE 


HONEYBEES AND THEIR 
ACTIVITIES 


The World of the Honeybee 

By Dr. Colin G. Butler. (The New Naturalist: a 
Survey of British Natural History.) Pp. xiv + 226+ 
42 plates. (London: William Collins, Sons and Co., 
Ltd., 1954.) 21s. net. 


ECENTLY a church window has been dedicated 

to the Rev. Charles Butler, whose famous book 
the ‘Feminine Monarchie’’ appeared a little less 
than 350 years ago (in 1609). It is a pleasure to 
review a contemporary book by his namesake, and 
one is tempted to begin with a comparison between 
the two books, which encompass modern progress in 
our knowledge of the ways of the honeybees. Thus 
the older Butler’s discovery that not the queen but 
the drone is the male bee is now generally accepted, 
but his assumption that drones and workers mate 
and the latter lay eggs has been refuted. His opinion 
that the workers “‘by this sense [of smell] find out 
any strange bee, which is not otherwise to be known 
from his own company”’, has after several decades of 
disbelief been verified and amplified by recent 
experiments. Altogether, it appears that progress 
was made by controlled experiments rather than by 
observation alone. 

Dr. Butler’s comparative and evolutionary ap- 
proaches to such subjects as social organization in 
general and to more special topics like swarming and 
communication are, of course, modern features. 

The author’s recently published discovery of a 
‘queen substance’ and of some of its properties form 
the book’s most original part. This somewhat 
fugitive substance may be a part of the waxy 
covering of the queen’s body, or more probably of 
the volatile solvent in which the wax is believed to 
be secreted. A small number of the workers of a 
colony obtain queen substance by licking the body, 
particularly the abdomen, of their queen and then 
offer food to other members of their colony, thus 
widely distributing some of the substance. So long 
as sufficient queen substance is in circulation, the 
bees of a colony are as a rule in a state of organized 
activity. But when the queen is lost or becomes 
enfeebled, disorganized restlessness ensues, sometimes 
after a few minutes, and regulatory processes like 
the building of emergency queen cells, the trans- 
plantation of young larve or supersedure are observed 
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after a few hours or days. On the other hand, super- 
numerary queen cells or young virgin queens, which 
are ordinarily destroyed, are then tolerated. A large 
colony of bees needs more queen substance than a 
small colony, and it is probably the relative scarcity 
of this substance which results in the production and 
toleration of the young queen and thus in swarming. 

The work of other bee-workers which Dr. Butler 
has incorporated in the text is necessarily restricted, 
but the emerging picture is on the whole correct and 
well balanced. An error concerning the sun orienta- 
tion of bees occurs on p. 199; experiments by Wolf 
apparently demonstrating that bees trained to a 
feeding place in sunny weather and afterwards caged 
and kept there for an hour return in a wrong direction, 
as the sun had moved on, are probably wrong. More 
recent experiments by Meder, referred to by v. 
Frisch in 1952, indicate that captive bees—like any 
other bees, but unlike ants—take the daily move- 
ment of the sun into account when they use it for 
orientation. 

The author is to be congratulated on the exquisite 
photographs—eighty-seven in black-and-white and 
two in colour. For readers whose appetite has been 
whetted, a list of books is furnished where references 
to the original literature and the description of 
research techniques can be found. There are author 
and subject indexes. H. Katmus 


LOGARITHMETICA BRITANNICA 


Logarithmetica Britannica 

Being a Standard Table of Logarithms to Twenty 
Decimal Places of the Numbers 10,000 to 100,000. 
By Dr. Alexander John Thompson. Vol. 1: Num- 
bers 10,000 to 50,000, together with a.general intro- 
duction. Pp. xcviii+Tables. Vol. 2: Numbers 
50,000 to 100,000. Pp. iv + Tables. (Issued by 
the Department of Statistics, University College, 
London, to commemorate the tercentenary of Henry 
Briggs’ publication of the Arithmetica Logarithmica, 
1624.) (Cambridge: At the University Press, 1952.) 
£8 8s. net the set. 


HE invention of logarithms by John Napier and 

the introduction of the number 10 as base by 
Henry Briggs have led to tables which have been of 
inestimable benefit to computers for three centuries. 
Many hands and very many years were needed, 
however, before tables known to be completely 
accurate became available. During this period, also, 
tables were given to fewer and fewer decimals, cul- 
minating in the familiar tables to four, five or six 
decimals that are in everyday use. This is, in fact, 
one of the means by which accuracy was ensured— 
by concentrating on fewer figures. 

It is true that the growing use of calculating 
machines has diminished the need for logarithms 
among professional computers, but many remain 
who use them for preference or because other equip- 
ment is inaccessible; these workers mainly need 
relatively few figures. 

The logarithm also has other users among com- 
puters, for it remains a function in its own right, and 
has applications quite apart from its employment as 
@ method for converting multiplication to addition, 
and easing other calculations. Certainly, as a func- 
tion in analysis it is the natural logarithm, to base e, 
which arises alongside exponential, circular and 
hyperbolic functions; but the relation between the 
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two is simple, and evaluation for an arbitrary arcu. 
ment is rather more easily carried out with.common 
logarithms. There exists, then, a need for a funda- 
mental table of logarithms, which shall be definitive, 
in that it should be completely accurate, and should 
have a number of figures adequate for all neods 
which may be reasonably expected, and should, 
moreover, be easy to interpolate. 

In the tables under review, A. J. Thompson meets 
this requirement for a definitive table in a remark- 
able manner. The only other tables of compara)le 
extent—giving the logarithms of a hundred thousand 
numbers or more—whether to base e or base 10, have 
fifteen decimals only, and none of these makes [ull 
provision for interpolation by differences. Thompson, 
in his tables, gives twenty-decimal logarithms of all 
integers to 100,000, together with second and fourth 
differences—all that are needed for interpolation. 
The introduction discusses very fully the various 
ways in which interpolation can be effected, and is a 
mine of information. It is not stated there that 5 
can be dispensed with from about 23,000 onwards, 
by replacing 3? by 8*,, = 5% — 0-1845*, the “‘modified 
difference” of Comrie ; but it is only fair to mention 
that Thompson has a strong dislike of ad hoc methods 
of this nature. 

To the initiated there is little need to defend the 
twenty-decimal accuracy in a fundamental table, but 
it may be worth while to state reasons for welcoming 
such a choice. Makers of fundamental tables have 
to carry out exploratory calculations in preparing 
tables to eight- or ten-figure accuracy which will 
later form a basis for accurate tables to fewer figures. 
In these exploratory calculations it is very common 
to meet a quantity as the difference of two others 
which may agree to three, five or even ten figures. 
This is certainly a challenge to the mathematician to 
find an expression for the difference directly; but, 
while devising this, he does not want to be held up 
by being unable to get a value at all in the mean- 
time. Again, in step-by-step processes, errors may 
accumulate rapidly, or even grow exponentially — 
another challenge, but often avoided by using extra 
figures when to accept the challenge involves side- 
tracking ; the use of the recurrence formula for the 
Bessel function J,(x) provides an example of this. 
These two reasons alone, occurring week by week 
over centuries, provide an adequate justification for 
tables like the present one. 

This table was conceived originally as a tribute to 
the memory of Henry Briggs and the first part was 
published in 1924, the tercentenary of the publication 
of Briggs’s “Arithmetica Logarithmica’. The ninth 
and last part to be published appeared in 1952, and 
the whole work is a monument, which will last, to 
the effort and perseverance of one man. Thompson 
set out to explore the possibility of preparing a table 
which could be interpolated by means of even central 
differences with Everett’s formula. He found that 
he needed to design a calculating machine, illus- 
trated opposite p. lv of Vol. 1, to make reasonably 
possible the computation of iogarithms by summation 
from fourth differences. When he had prepared the 
manuscript, and subjected it to checks of a most 
exacting nature, the problem of publication had to 
be faced. 

A. Fletcher, in Art. 6.1 of the ‘Index of Mathe- 
matical Tables’’, lists fundamental tables of logar- 
ithms, and gives ten substantial tables to twelve 
decimals or more. Of these, three only have been 
published : Thompson’s table to twenty decimals ; 
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Briggs’s table (in 1624) to fourteen decimals ; and 
the table of Spenceley, Spenceley and Epperson (in 
1952, by the Smithsonian Institution) which gives 
twenty-three decimals, but has only ten thousand 
arguments. The difficulties of publication are clear, 
wnd the remarkable achievement of Thompson in 
purchasing @ Monotype keyboard and setting up the 
whole table himself is thereby enhanced. A single- 
handed effort of this nature deserves publicity : 
Thompson, virtually single-handed, has computed, 
checked, set up in type and proof-read the whole of 
the tabular material of more than nine hundred 
pages, and the checks and proof-reading have been 
as thorough as the most exacting of table-makers— 
that is, Thompson himself—could desire. 

The tables are accompanied by interesting and 
valuable introductory matter on interpolation and on 
the construction of the tables, and include several 
auxiliary tables of logarithms and antilogarithms to 
twenty-one decimals. A translation by J. T. Foxell 
of “The Life of Henry Briggs’, by Thomas Smith 
(1707), is also included. This is a book to last for 
centuries and should be in all computing libraries. 

J. C. P. MILLER 
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VIBRATION IN ENGINEERING 
STRUCTURES 


Introduction to a Study of Mechanical Vibration 
By G. W. Van Santen. (Philips’ Technical Library.) 
Pp. xvi+296. (Eindhoven: N. V. Philips’ Gloei- 
lam abrieken ; London: Cleaver-Hume Press, 
Ltd., 1953.) 35s. 


HE author of this book regards sinusoidal 

strains as the béte noire of the engineer, and in 
consequence his main concern is with the measure- 
ment, origin and elimination of mechanical vibration 
in engineering structures. The earlier chapters 
develop in a readable and competent manner the 
standard theory of the behaviour of simple mechanical 
systems, both idealized and of engineering importance, 
vibrating at or near a natural frequency. 

Chapter 9, on vibration propagation, raises the 
question of the degree of over-simplification which is 
allowable in a volume which professes to be an 
introduction. The section here on the velocity of 
transverse waves in a bar achieves excessive over- 
simplification by assuming that the lateral displace- 
ments arise entirely from shear strains. The propa- 
gation of shear waves is best illustrated by the 
torsional case, given later, which lends itself quite 
simply to an exact analysis. The transverse wave is 
more complex, but could be introduced with profit 
in an alternative over-simplified form by assuming 
that bending strains are predominant. This would 
lead to a logical introduction of dispersion, which 
is only vaguely hinted at in the book. A similar 
question of over-simplification is presented in the 
rather naive discussion of fatigue; for example, the 
statement that fatigue failures ‘‘are not accompanied 
by any distortion of the part” is misleading without 
further qualification. 

The chapters on vibration measurement and its 
associated pitfalls constitute the most valuable part 
of the book, in which the author clearly enters his 
special field. The reader hoping to acquaint himself 
with a representative selection of measuring instru- 
ments may be a little disappointed to find the 
examples drawn almost exclusively from those 
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marketed by the author’s company; but the range 
turns out to be sufficiently extensive to form the 
basis for adequate discussion. 

The book is well produced at a price which repre- 
sents fair value for money by present standards, but 
this edition would be improved by more diligent 
proof-reading. The translation from the Dutch is 
good, but in parts the ideas do not flow so sweetly as 
they might. The volume can be strongly commended 
to the attention of those concerned with the experi- 
mental analysis of vibration in engineering structures. 
The most serious student who seeks a sound basis 
from which to attack the more advanced theoretical 
aspects would do well to peruse den Hartog first, for 
in the book under review he will miss the fascinating 
examples which are a sure means of providing a 
grasp of the fundamental principles. 

K. M. ENTWISTLE 


Rh BLOOD GROUP 


Rh-Hr Blood Types 
Applications in Clinical and Legal Medicine and 


Anthropology. Selected Articles in Immunohemat- 
ology. By Prof. Alexander 8S. Wiener. Pp. xii+764. 
(New York: Grune and Stratton, Inc., 1954.) 


11.50 dollars. 


An Rh-Hr Syllabus 

The Types and Their Applications. By Prof. Alex- 
ander 8. Wiener. (Modern Medical Monographs— 
No. 9.) Pp. xii+82. (New York: Grune and 
Stratton, Inc., 1954.) 3.75 dollars. 


T was in 1940 that Landsteiner and Wiener 
described the Rh blood group, and since then 

research into this particular group has been con- 
tinuously carried out by workers all over the world. 
It has become the most complicated human blood 
group and is now known to be of clinical importance ; 
the studies that have been made have added con- 
siderably to our knowledge of human genetics. 

Prof. A. S. Wiener has made very many contribu- 
tions to this work, and the first of these two books, 
““Rh-Hr Blood Types’’, consists of a selection of the 
author’s papers bound together. Research workers 
will have read most of Prof. Wiener’s papers, but in 
any event this is a book for the specialist and it may 
be useful to have a number of selected reprints bound 
together, since it makes reference to points of detail 
much easier. 

The other work, “An Rh—Hr Syllabus’, is a little 
monograph about the Rh blood group, its relationship 
to disease and anthropological and medico-legal 
applications. I liked this little book and found it 
pleasant and readable; persons with no special 
knowledge of blood groups will find it useful and 
helpful. 

One of the difficulties about the Rh factor is that 
there are two separate systems of notation depending 
upon the theory one holds about this blood group. 
Prof. Wiener puts forward his theory of multiple 
allelic genes and his Rh—Hr notation and dismisses 
the Fisher-Race notation used by most British 
workers. It is a pity, too, that Prof. Wiener has 
extended the difference in notation by using anti-F 
and anti-J for what are known to most British 
workers as anti-F'y* and anti-Jk* antibodies. It is 
to be hoped that the notation difficulties in this field 
will be resolved satisfactorily in the course of time. 

F. Stratton 
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AWARD OF MEDALS, 1954 
Copley Medal: Sir Edmund Whittaker, F.R.S. 


HITTAKER is probably the best-known British 

mathematician by reason of the numerous, 
varied and important contributions which he has 
made and the high offices which he has held. For 
many years he was the head of the flourishing mathe- 
matical school at Edinburgh which owes its whole 
being to his activity. 

His work shows extraordinary versatility. He has 
written five outstanding books, on entirely different 
subjects, and some fifty to sixty papers which touch 
on almost every branch of pure and applied mathe- 
matics. Of his books, perhaps the most important is 
“A History of the Theories of Aether and Electricity”’, 
which he has just completely rewritten in a second 
edition of two volumes. This great work gives a 
critical appreciation of the development of physical 
theory up to the year 1925. All his writings show, 
besides their more technical qualities, powers of 
arrangement and exposition of a most unusual order ; 
and his treatises of dynamics and analysis have had 
a considerable influence on mathematical thought 
both in Great Britain and abroad. 

It is only possible to mention a few of Whittaker’s 
original contributions to knowledge (beyond the 
considerable number absorbed in his books). He has 
made important additions to the theory of the 
solution of differential equations, ordinary and 
partial, by definite integrals ; to the theory of Lamé 
and Mathieu functions, the functions of the elliptic 
and parabolic cylinders, and the integral equations 
associated with them; to the theory of interpolation ; 
and to the theory of the solution of dynamical 
problems by trigonometrical series. He has also, in 
recent years, made a number of interesting contri- 
butions to the pure mathematics of relativity, 
electromagnetism and quantum theory. The aston- 
ishing quantity and quality of his work are probably 
unparalleled in modern mathematics, and it is most 
appropriate that the Royal Society should confer on 
Whittaker its most distinguished award. 


Rumford Medal: Dr. C. R. Burch, F.R.S. 


Dr. Burch has made outstanding contributions in 
the development of new techniques for the production 
of high vacua. Using a molecular still of his own 
design, he produced a range of oils, greases and waxes 
having very low vapour pressures. He developed 
modified diffusion pumps suited to these low vapour- 
pressure oils which in very many cases have made 
the use of refrigerants unnecessary and have super- 
seded the mercury diffusion pump. With these pumps 
and various other devices he pioneered high-vacuum 
engineering as we know it to-day. Some of its 
products—continuously evacuated valves, high- 
voltage tubes, X-ray crystallographic tubes, alumin- 
izing tanks, etc.—he also designed in the early period. 


* Delivered at the Royal Society on November 30. 





These developments have formed an essential part 
of the design of the high-vacuum devices used in the 
production of high-speed particles. 

Many of the joints in Burch’s original pieces of 
apparatus involved the use of flat surfaces, and he 
became interested in the science of optics necessary 
for the study of the production of surfaces to very 
accurate shapes, and devised a technique for making 
microscopic phase-retarding disks needed for testing 
them by phase contrast. 

This was one of the techniques used in his 
next achievement—the perfection of the reflecting 
microscope. Although the principle of the in. 
strument has long been known, Burch has _ been 
responsible for making it, practically useful. His 
theoretical consideration of the problem showed for 
the first time the conditions under which good results 
can be expected and the limitations which must be 
faced. 

The introduction of reflecting microscopes may 
well produce revolutionary changes in many aspects 
of microscopy, including microbiology. Since the 
system is wholly achromatic, it remains at the same 
focus for all wave-lengths. Identification of sub- 
stances by plotting the absorption curve in the 
ultra-violet can now be made by the use of a reflecting 
microscope and a continuous spectrum, and the 
possibilities of microscopy in the infra-red are 
greatly extended. 


Royal Medal (A): Sir John Cockcroft, K.C.B., 


C.B.E., F.R.S. 


Sir John Cockcroft turned to physics after an 
early training as an engineer. In conjunction with 
Dr. E. T. 8S. Walton he was the first to transmute 
elements by purely artificial means, setting the 
crown on Rutherford’s work which had proved that 
bombardment by «-particles from radioactive sub- 
stances could transmute many of the lighter elements. 
Cockcroft’s work in this field is outstanding both for 
its scientific consequences and as a discovery in 
technique. The original experiments of Cockcroft 
and Walton are the seed from which has grown the 
whole new science of nuclear chemistry, in which 
artificially accelerated particles are the reagents 
which produce varied changes in the nuclei of 
elements which they bombard. Indeed, a large 
fraction of the researches now being carried out in 
the physics laboratories in Great Britain and in the 
United States arise directly from his work. 

Shortly before the Second World War began, 
Cockcroft had realized the great importance of radar 
methods of aircraft detection for the defence of 
Britain, and his influence at the Cavendish Laboratory 
and later at Malvern was of decisive importance in 
the development of radar. 

In 1944 Cockcroft returned to nuclear physics and 
was in charge of a large group of British, French and 
Canadian scientists working on plutonium production, 
first in Montreal and then at the newly developed 
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Canadian research establishment at Chalk River. 
When, after the War, the Atomic Energy Research 
Establishment was set up at Harwell, Cockcroft 
became its director. Under his guidance it expanded 
rapidly, and at the same time provided much of the 
basic information needed for the large-scale pro- 
duction of plutonium in Britain. He has maintained 
a balance between pure and applied research which 
has built up in the Establishment a fruitful research 
atmosphere and has led to important new develop- 
ments in the use of atomic energy. 


No. 4440 





Royal Medal (B): Prof. H. A. Krebs, F.R.S. 


Prof. H. A. Krebs has made unique contributions 
to our understanding of the intermediary metabolism 
of nitrogenous substances and of carbohydrates in 
living cells, and in his recent work he has helped to 
bridge the gap which exists between our under- 
standing of the chemical activities of cells and of the 
way in which these activities help to maintain ionic 
gradients within the living organism. In the course 
of these researches he has devised many valuable 
new methods for the study of cell metabolism. 

The main advances for which he has been respons- 
ible are numerous and varied. In the realm of 
nitrogenous metabolism he was able to demonstrate 
the catalytic function of ornithine in the conversion 
of ammonia and carbon dioxide to urea by liver 
tissue. In his work on amino-acid metabolism he 
showed that kidney and liver tissues contain the 
system which oxidizes L-amino-acids, while kidney 
extracts have an active D-amino-acid oxidase ; these 
important enzyme systems attack amino-acids to 
form ammonia and the corresponding keto-acids. 

He discovered the metabolic reaction by which 
proline can be converted into glutamine, and he has 
shown the basic significance of glutamine in the 
inter-related metabolism of amino-acids and carbo- 
hydrates, and also in the transport of ions across 
cell membranes. 

His greatest discovery is the tricarboxylic acid 
cycle, commonly referred to as the Krebs citric acid 
cycle. This is now accepted as one of the principal 
means of biological oxidation. Its basic significance 
in cellular metabolism scarcely needs emphasizing, 
for it accounts for the complete oxidation to carbon 
dioxide and water of the two-carbon fragments which 
arise in the intermediate metabolism of most kinds 
of foodstuffs. 

In his recent work he has helped to clarify the 
means by which ions and small molecules are trans- 
ported within the ceil. 

In 1953 Krebs was awarded the Nobel Prize for 
Medicine, jointly with Fritz Lipmann, and the award 
is an indication of the great value of his discoveries 
to the advance of biochemistry. 


Davy Medal: Dr. J. W. Cook, F.R.S. 


Cook is distinguished mainly for his contributions 
to our knowledge of the polycyclic aromatic com- 
pounds, the carcinogenic hydrocarbons and_ the 
tropolones, including the alkaloid colchicine. 

During the period 1920-28 he carried out an 
extensive series of investigations on derivatives of 
anthracenes and related complex hydrocarbons, in 
the course of which a new type of molecular re- 
arrangement was discovered. He then turned to the 
chemistry of carcinogenic hydrocarbons and syn- 
thesized many homologues and derivatives of 
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1 : 2-benzanthracene which were found to be carcino- 
genic ; from these and other studies, indications of 
the nature of the chief carcinogenic agent in coal tar 
pitch were deduced. Further, Cook was able to 
enunciate certain broad generalizations regarding the 
structural conditions necessary for carcinogenic 
action within this group of compounds. By frac- 
tionating 2 tons of coal tar pitch he isolated the pure 
potent crystalline carcinogen, and with the aid of 
fluorescent spectroscopy this agent was shown to be 
3: 4-benzopyrene, identical with a synthetical speci- 
men. Thus Cook was able to demonstrate for the 
first time the nature of tar and certain mineral oil 
carcinogenic agents, results which have proved 
invaluable in studies of certain aspects of the cancer 
problem. 

During the period 1939-54 Cook made outstanding 
contributions to our knowledge of the alkaloid 
colchicine and to the chemistry and synthesis of the 
tropolones. The novel and now accepted structure 
for colchicine is based almost entirely on Cook’s 
early studies, which stimulated activity in a number 
of other laboratories. 

More recently Cook has extended his studies to 
the examination of the structure of metabolic pro- 
ducts of the carcinogen, 3: 4-benzopyrene, and to 
the oxidation of benzenoid hydrocarbons by novel 
methods. 

In these original studies Cook has tackled a series 
of extremely difficult and complicated problems with 
an exceptional knowledge of general organic chem- 
istry coupled with great experimental ability. In the 
course of his purely chemical studies, Cook has been 
quick to detect the biological significance of his 
results, and his findings have provided weapons of 
attack, if not the keys, to a number of problems in 
the biological field. Of the results which Cook has 
achieved, it can be said that they have fundamental 
importance either to general organic chemistry or to 
biology or to both. 


Darwin Medal: Dr. E. B. Ford, F.R.S. 


Dr. E. B. Ford, reader in genetics in the University 
of Oxford, has made important contributions to all 
departments of genetics; and, in particular, he has 
extended and enriched Darwinian thought in two 
crucial ways: first, the reformulation of Darwinism 
in terms of the Mendelian theory of inheritance, and 
second, the extension of Darwinian theory to natural 
populations. 

Ford is the foremost authority on the genetics of 
Lepidoptera. In studies of a single natural population 
of moths continued over many years, he was able to 
show that the genetic diversity of the population 
varied with its size. Rapid increase of numbers was 
accompanied by an outburst of variation ; in leaner 
years the individual members of the population were 
highly uniform. Ford used wing coloration in moths 
of the genus Abraxas to demonstrate the fundamental 
truth that the ‘dominance’ of a gene is profoundly 
influenced by the action of other genes, and therefore 
by natural selection; with the effect that a factor 
intermediate in its expression in the heterozygous 
state could be caused to become dominant or recessive 
at will. More recent work on Lepidoptera has shown 
up with particular clarity the sensitivity of the 
response of even small natural populations to the 
influence of selection: in altering the genetical 
structure of such a population, natural selection has 
proved to be a more potent influence than the 
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vagaries of random mating and random survival. As 
a corollary, Ford has shown that genetical variants 
which a superficial and subjective judgment have 
dismissed as being ‘trivial’ or of no adaptive sig- 
nificance cannot in reality be so regarded. This work, 
much of it carried out in collaboration with Sir 
Ronald Fisher, has clarified and strengthened 
Darwinian theory in a most important degree. 

A complete understanding of Darwinian theory 
must in the long run turn upon a knowledge of how 
genetical factors exercise their effects in development. 
In this field, too, Ford has made important contri- 
butions. In collaboration with Dr. J. S. Huxley he 
showed that one important means by which different 
genes produce their several effects is by influencing 
the rate rather than the nature of chemical reactions. 
More recent work on the genetical basis of wing- 
coloration in Lepidoptera has been distinguished by 
the way in which Ford has bent chemical methods 
to the solution of biological problems. 

A single example may be given of Ford’s wider 
influence on genetical thought. At a time when many 
geneticists were still preoccupied with the analysis 
of single-character differences and their rules of 
segregation, Ford was particularly insistent on the 
need for appreciating the concerted and harmonious 
action of the assembly of genes considered as a whole, 
and his concept of the ‘gene complex’ has had an 
important effect on the general background of 
genetical thought. 

Dr. Ford’s work thus very evidently merits the 
Society’s award for work “of acknowledged distinc- 
tion in the field in which Charles Darwin laboured”’. 


Hughes Medal: M. Ryle, F.R.S. 


Martin Ryle is the leader in the recent develop- 
ments in radio-astronomy in England. By adapting 
war-time techniques, he developed a radio analogue 
of the Michelson stellar interferometer, and he showed 
how it could be used to detect localized sources of 
radiation against a continuous background. 

With these new and powerful methods he has been 
able to demonstrate that the solar radiation comes 
roughly from the area of the visible disk, and that 
sunspot radiation comes roughly from an area the 
size of the spot and is often circularly polarized. He 
showed that there are a large number of radio-stars, 
and he has detected and roughly located about a 
thousand of these. He measured the position’ of a 
few of them with such accuracy that the optical 
astronomers have been able to identify them with 
visible objects. He developed a Fourier analysis 
method for measuring the distribution of emission 
across the solar disk and has used it to show that 
this distribution is unsymmetrical and varies with 
time. He has used the occultation of a radio-star 
by the solar corona to investigate the scattering of 
waves by the corona. He showed that the scintilla- 
tions of radio-stars were produced by scattering in 
the ionosphere, and he has used the observations to 
investigate ionospheric irregularities and their move- 
ments. 

Ryle has always been very productive of theoretical 
ideas to account for his observations, and he has 
pointed out their interesting consequences for cosmo- 
logical theory. 

He has shown that he can pass on his ideas and 
his enthusiasm to others, and he is the leader of a 
small and able team which is making major advances 
in this new field. 
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THE DIVERSITY OF SCIENTIFIC ADVANCES 


When he admits new Fellows to the Royal Soc iety 
and when he presents the medals at the annual meet. 
ing, the President performs his two most pleasant and 
most important duties. And the range of natural 
science is now so vast that he need not feel om. 
barrassed by his lack of understanding of the work 
which he rewards. One hundred, or even fifty, ycars 
ago there was far less to understand: we can well 
believe that there were many Fellows of the Society 
who knew at least the vocabulary and the general 
content of every branch of natural science. We still 
have a few who can survey the whole field—and jer. 
haps we never had more than a few—but certainly 
it becomes every day more difficult to find scientists 
whose interests are wide enough to assist the advance 
by helping the specialists to understand one another. 

There is in the Library of Trinity College, Cam. 
bridge, a collection of letters illustrating the value 
of such help. They were written between the years 
1830 and 1860 by two Fellows of the Royal Society, 
Michael Faraday and William Whewell, the great 
discoverer seeking advice from the most learned 
scholar of his day. The correspondence reminds us 
how far we have gone in these hundred years, 
though it is not surprising that Whewell could assist 
Faraday, for both of them were exceptional people. 
Whewell was the Master of Trinity of whom it was 
said that there was no subject on which he did not 
speak with authority. His two books on the inductive 
sciences can still be read with admiration and he had 
made important contributions to the study of archi- 
tecture, law and theology. Faraday was in difii- 
culties with his experiments on electrolysis. He 
needed new terms to describe what he was doing 
and, having called the two poles ‘electrodes’, he was 
uncertain how to differentiate them and how to name 
the products of current flow. As he was anxious to 
avoid theoretical implications, he thought of calling 
the electrodes ‘Voltode’ and ‘Galvanode’ or even 
‘Alphode’ and ‘Betode’. Whewell makes no reference 
to this suggestion but, in a letter dated May 5, 1834, 
he strongly advises the terms ‘Anode’ and ‘Cathode’. 
The letter continues : 


“If you take Anode and Cathode I would prefer for the 
two elements resulting from electrolysis the terms Anion 
and Cation, which are neuter participles signifying that 
which goes up and that which goes down; and for the 
two together you might use the term ions instead of 
Zetodes or Stechions.” 


And Faraday replies ten days later to say that he 
has taken Whewell’s advices and ends his letter: 


“T am quite delighted with the facility of expression 
which the new terms give me and I shall ever be your 
debtor for the kind assistance you have given me.” 


Whewell’s assistance did not end there. In 1836 
he suggested the term ‘dielectric’, and there is a letter 
written about 1850 which begins : 


*“My dear Sir, 

I am always glad to hear of your wanting new words, 
because the want shows that you are pursuing new 
thoughts and your new thoughts are worth something.” 
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This time the new word he has to suggest is ‘para- 
magnetic’. 

In these days when Faraday was still pursuing 
new thoughts and Clerk Maxwell was still an under- 
graduate, it would not have been so difficult to select 
the most important scientific advance of the year and 
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to point out its significance in the general store of 
knowledge. But now the store expands so rapidly 
that it is much more difficult to see where the advance 
has been greatest. We are farther into the mighty 
maze and have split up into groups, all of them too 
-deeply engaged to consider the plan. Many of these 
groups, indeed, are now in territory so far from the 
entrance that only the grey beards can tell you 
how they came there—the young pioneers have 
learnt the dialect of the district and all their interest 
lies ahead. 

We must face the fact that scientists to-day are 
hard put to it to keep in touch with one another, 
and that they seldom trouble to signal their position 
to headquarters. We need not take this too seriously. 
Parts of the maze may be left unexplored or may be 
explored twice over, but no permanent harm will 
come of it. Yet the different groups ought not to be 
left entirely alone. Though they would resent advice 
or patronage from those who cannot appreciate their 
problems, they will go more cheerfully if they are 
encouraged from time to time by the approval of the 
scientific world. 

It is part of the function of the Royal Society to 
show this approval. We can still hope to do it 
effectively by the award of medals, for the achieve- 
ments which they crown are of a kind which we can all 
appreciate, though as individuals we may not under- 
stand their full content. But the approval of the 
Royal Society would soon become valueless if we lost 
either our corporate view of the general enterprise 
or the close contact of our Fellows with its many 
special divisions. If we are to retain both, it is more 
than ever necessary for us to keep our programme 
and our whole organization under constant review. 
The position changes rapidly and already great care 
is needed to see that we are not guided too much by 
memories of what it was twenty, or even ten, years 
ago. There are fresh growing-points to demand 
attention, and we must be ready to accept their 
claims and if necessary to revise our estimates of the 
relative importance of established branches. No one 
likes to think that the special branch which he culti- 
vates is now less fruitful than it was; but we must 
be careful that our approval is not spread too thin 
to give much encouragement to the new growths. 


An Experiment in Lamarckianism 


Having emphasized the need for looking forward 
rather than backward, I can turn with a clearer 
conscience to an experiment which has just been 
concluded and is none the less interesting for having 
started twenty-two years ago. It is an investigation 
of the late Prof. W. McDougall’s claim to have 
demonstrated the inheritance of a reaction produced 
by training, an inheritance which could only be ex- 
plained on the lines of Lamarck’s theory. The report 
which has just been published is the fourth of a series 
by a team headed by the late W. E. Agar and more 
recently by Prof. O. W. Tiegs. I have a special 
reason for mentioning it, for to physiologists of my 
generation it will bring back a vivid picture of a 
meeting in Edinburgh thirty-one years ago. It was 
at the Eleventh International Congress of Physiology, 
and we had come to hear a lecture prepared by 
Pavlov and delivered in English by his son, dealing 
with recent developments in his work on conditioned 
reflexes. No one who knew Pavlov will be surprised 
that our attention was sometimes diverted from the 
substance of the lecture to the spectacle of its author 
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listening intently to the English version, for Pavlov, 
like Rutherford, had a vigour of mind and body 
which could not escape notice. But the lecture ended 
with an account of some preliminary results on a 
new problem, that of the inheritance of conditioned 
reflexes, and these compelled attention because, 
although they were not yet conclusive, they seemed 
to show a positive effect. Rats which had formed a 
conditioned reflex to the sound of a bell bore litters 
which needed less training to establish the same reflex 
in them. It looked as though Lamarck might be 
right after all, that a modification acquired by the 
individual in consequence of its efforts to adapt itself 
to its environment might be transmitted in some 
degree to its descendants. 

Pavlov returned to Leningrad, and not long after 
we learnt that further work had revealed a source of 
error and that, in fact, he could find no good evidence 
of the inheritance of reactions set up by training. 
But William McDougall, a Fellow of our Society and 
a distinguished psychologist, had been working on 
similar lines, and his experiments showed a positive 
effect small enough to need careful assessment but 
too large to set aside. McDougall gave his rats the 
choice of escaping from a water tank by swimming 
towards a light or a dark exit. They could escape in 
comfort by the dark exit but received a mild electric 
shock if they chose the light, and before long they 
never made the mistake of doing 80. The amount 
of training needed to establish the habit was averaged 
from the performance of large numbers of rats bred 
from a standard stock, and it was found that with 
successive generations the training needed became 
progressively less; and that after the thirty-fifth 
generation the rats showed a distinct preference for 
the dark exit from the first time that they were 
placed in the tank. 

McDougall continued his experiments until 1937 
(he died in 1938) and replied vigorously to his critics. 
The most important criticism was that of F. A. E. 
Crew, who conducted a similar training experiment 
lasting over eighteen generations and found no 
evidence of improvement. Agar and Tiegs began 
their work in 1932. It has been extended over fifty 
generations and has involved the training of 4,654 
rats; its results agree with Crew’s in showing no 
evidence that the training of one generation makes 
the next need less training to acquire the same 
certainty of response. Their éxperiments confirmed 
McDougall’s to the extent that they too obtained 
long-duration trends of improvement in learning-rate, 
but they found that they were shown equally by a 
control series of rats of untrained ancestry and that 
the effect was not sustained. It seemed to be 
correlated with general changes in the health and 
vigour of the laboratory colony, changes which had 
nothing to do with the training process. 

The problems of inheritance cannot be studied with- 
out experiments running on from one generation to 
another, and the results are bound to come slowly if 
the organism is not one which reproduces itself in a 
very short time. Certainly an experiment which may 
last twenty years is not to be undertaken lightly; for 
in that time so much may happen to threaten its 
survival. But this one has survived all the hazards 
of our time, and its authors will not need to be 
congratulated on having achieved their purpose. 

Their purpose was to examine McDougall’s case 
for a Lamarckian type of inheritance, and they have 
found that the evidence is against it. Most of us 
would have been rudely surprised if the result had 
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been positive instead of negative; but if their ex- 
periment had not been made, we should have had 
an uneasy feeling that McDougall’s conclusion might 
after all be justified, although Crew’s experiments 
gave it no support. 

The same cause for uneasiness may arise whenever 
a laborious and difficult investigation has given 
results which seem to contradict prevailing theories 
but are not decisive enough to be taken without 
confirmation. We realize that the experiments must 
be repeated and that it may be a wearisome business 
demanding great dexterity, constant attention and 
the building up of elaborate apparatus. There will 
be little scope for originality except in the devising 
of further controls, for the new experiments must 
not differ appreciably from those they are intended 
to check. Most of us start with a bias in favour of 
the orthodox view, and as we know that the pitfalls 
increase with the length and complexity of the ex- 
periment, we shall be surprised if the outcome is 
not the expected negative. When it turns out that 
way, we shall be grateful to those who have cleared 
up our uneasiness, but glad that we could think of 
adequate reasons for spending our time on something 
else. 

No doubt we shall not have spent our time more 
profitably. The new experiments usually reveal some 
unsuspected factor which made the original result 
misleading, and this factor may be an important clue 
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in different problems. But work of this sort rarely 
meets with the recognition it deserves, and this is a 
good opportunity for pointing out that our general 
advance could not go on without it. 

The advance of science must depend on the initia- 
tive of those in the front line of research. It must 
be the aim of each special branch to explore the 
alleys it has opened up, including those which are 
most probably blind; but as long as the branches 
are not controlled from headquarters, their members 
will decide how this is to be done. Control by head- 
quarters is sometimes necessary : we cannot demand 
that we should always be left to choose our own 
problems, for there are periods when we must all do 
as we are told, periods of emergency when we are 
threatened by war or famine or disease and must all 
join in a concerted attack. In fact, as scientists we 
have a double responsibility, for our general aim is to 
advance our understanding of Nature, but we are 
now the members of a profession which has special 
responsibilities because of the way in which it can 
affect the whole structure of civilized life. The 
immediate claims of society have to be met, and for 
this we must be willing to do more or less as we ace 
told. For the long-term objectives we can still do 
better when we are allowed our independence, but 
only because there are some of us who will face the 
laborious work when there is no other way of 
resolving a doubt. 


THE COPLEY MEDAL AND ITS FOUNDER 
By Enaineer-Carrain EDGAR C. SMITH, O.B.E., R.N.(Rertp.) 


HEN in 1773 Sir John Pringle, president of the 
Royal Society, presented the Copley Medal to 
Priestley for his “Many Curious and Useful Experi- 
ments on Different Kinds of Air’’, he referred to it 
as “the palm and laurel of this community”. An 
earlier president, Martin Folkes, when handing the 
Medal to John Harrison, of chronometer fame, had 
spoken of it as “this small but faithful token of their 
regard and esteem’. Later, Davy called it ‘“‘the 
ancient olive crown of the Royal Society’’, while 
Cuvier in his éloge of Priestley wrote: ‘“‘La Société 
Royale lui décerna la médaille de Copley, que 
l’Angleterre considére comme le prix le plus noble 
auquel on puisse arriver dans les sciences. L’Acad- 
émie de Paris lui accorda um prix non moins noble, 
lune de ces huits places d’associés étrangers’’. In the 
eighteenth century there were few scientific societies 
and still fewer prizes, but to-day, in spite of the great 
increase in the number of scientific institutions and 
awards, some of the latter of which are accompanied 
by large sums of money, the Copley Medal with its 
honorarium remains what it was to Pringle, Folkes, 
Davy and Cuvier, although in the press of public 
affairs its significance is to-day often overlooked. 
While this is true, it is fairly certain that few 
readers know much of its history or of its founder. 
Ever since 1736 when the first Copley Medal was 
struck, it has, with some exceptions, been awarded 
annually, and the long lists of recipients, especially 
those of the past and present centuries, include the 
names of many of the greatest men of science who 
ever lived, no matter what their nationality. A brief 
account of the founding of the Medal is given in 
Weld’s work, ““A History of the Royal Society with 


Memoirs of the Presidents compiled from Authentic 
Documents’’, published in 1848; but Weld knew 
little of Copley, and neither did the writer of the 
notice of him in the “Dictionary of National Bio- 
graphy”. Thanks, however, to the researches of 
Prof. W. H. G. Armytage, of the University of 
Sheffield, much relating to Copley and his activities 
has been brought to light, and some of the results 
are to be found in Prof. Armytage’s article entitled 
“Sir Godfrey Copley, F.R.S., 1653-1709. Some 
Tercentenary Glimpses through Letters to his 
Friends”, published in Notes and Records of the Royal 
Society of London (11, No. 1; January 1954). From 
this it is seen that Copley was a public-spirited man 
of varied interests and a faithful friend and corre- 
spondent. 

The exact date of Copley’s birth is not known, 
though evidence points to the year 1653; but it 
appears certain that he died in Red Lion Square, 
London, on April 9, 1709, and was buried in the 
parish church of Sprotborough, about three miles 
from Doncaster, Yorkshire. He thus lived through 
the reigns of Charles II, James IT and William and 
Mary, and a part of that of Queen Anne. His father, 
the first Sir Godfrey, had been made a baronet soon 
after the restoration by Charles II, and when he died 
about 1684 his son succeeded to his title and estate, 
including Sprotborough Hall, then one of the stately 
homes of England, but now no longer standing. Of 
Copley’s education and upbringing little is known, 
though he was admitted to Lincoln’s Inn in 1674. 
Following in his father’s footsteps, he served as 
member of Parliament, first for the little town of 
Aldborough and then for Thirsk, and was High 
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THE COPLEY MEDAL 


ABOVE. 
Athena, seated amidst emblems of her own attributes, and of the arts and sciences, holds 


out in the right hand a wreath ; 
the head of Medusa ; 
BART. DIGNISSIMO. 


LONDINI. Ez. 
Diameter 1-7 in. ; 


BELow. New die, 
Bust of Copley, left, 
GENTIA 


REG. 
bronze (replica). 


DIGNISSIMO. On truncation, M. GILLIC 

arms of the Royal Society, with supporters, crest, 

SOCIETATIS REGIA LONDINENSIS. 
Diameter 2-25 in. ; bronze (replica) 


Rev. The 


Sheriff of Yorkshire. He was twice married, first to 
Catherine, daughter of John Purcell, of Nantriba, 
Montgomeryshire, by whom he had an only daughter, 
Catherine, and secondly, to Gertrude, 
Sir John Carew, of Antony, Cornwall. His daughter 
became the wife of Joseph Moyle, whose descendants 
in 1768 assumed the name of Copley and in whose 
favour the baronetcy was revived ten years later. 
The present representative of the family is Robert 
Godfrey Wolseley Bewicke-Copley, Baron Cromwell. 

As a politician, Copley was assiduous in his 
attendance at Parliament, and outspoken in his 
views, as can be seen by his speech against the bill 
of attainder brought in at the time of the conspiracy 
of Sir John Fenwick and others: “It is the Custom 
and Law of our Nation’’, he declared, “to require 
two positive witnesses to prove Treason. . . . I look 
upon it as a fundamental Breach of those Rules, for 
an accusation to be given in against any Man behind 
his Back, by he knows not whom, or by any with 
whom he is not confronted, and brought Face to 
Face. ... If this method of Proceeding be war- 
ranted by an English Parliament, there is an end to 
the Defence of any Man living, be he ever so 
innocent’’. He was much concerned with the urgent 
problem of the reform of the currency, a matter 
which led to Newton’s appointment to the Mint, and 
during the early campaigns of Marlborough he was 
Comptroller of Army Accounts. Had he lived longer, 
the world would have heard more of him. 
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Replica of the gold medal awarded to Sir Charles Lyel! in 1858. 


in her left arm is the Ephesian Artemis; on her breast 
near her the armorial shield of Sir Godfrey Copley. 
Below, T. (John Sigismund Tanner). 

Rev. The armorial shield of the Royal Society, with crest and supporters. Leg. SOCIETAS 
On a band the motto NULLIUS IN VERBA. 


first used for the medal awarded in 1941. 
= curly wig. Leg. GODEFRIDI COPLEII COMITIS MVNIFI- 


daughter of 
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Devoted as he was to his public 
duties, Copley was no less inter- 
ested in his native county, embellish- 
ing his mansion, improving his 
gardens and corresponding with and 
visiting other Yorkshire worthies 
such as Ralph Thoresby and Thomas 
Kirke. He tried to improve the 
navigation of the River Don, was 
interested in pumping plant, water 
supply and fountains, and at Sprot- 
borough Hall constructed what was 
probably the first indoor swimming 
bath. In a letter to Hans Sloane, 
he described the bath as_ being 
about 34 ft. long, 16 ft. wide, 6 ft. 
deep and lined with lead. It could 
be filled to a depth of 44 ft. by 
his water engine in five hours. 
“Two or three faggots,’ he added, 
“and a sack of Coales doth warm 
it equall to ye heat of your body.... 
My wife and some Ladys of her 
acquaintance have gone in it to- 
gether & are much delighted with 
it. I am sure this fancy of mine 
will be followed by some one who 
perhaps may be willing to outdo 
me in making one 3 times as large.” 

Copley’s closest friend in Lon- 
don was Hans Sloane, who was 
seven years his junior and who 
outlived him forty-four years. Sloane 
was admitted a Fellow of the 
Royal Society in 1684, was secre- 
tary of the Society during 1693-— 
1713, and in 1727 succeeded New- 


Leg. G. COPLEY 


ton as president. Copley was 

“and motto. Leg. admitted a Fellow in 1691 and 
six years later was elected a mem- 

ber of Council. He often enjoyed 

the company of his fellows at one of the coffee 


‘“‘Pontack’s’’, and his letters contain 
references to his mathematical books, prints and 
instruments, to lodestones, air pumps, Napier’s 
Bones, surveying wheels and the voyages of Halley 
and Middleton. Up to the time of his death, 
the Royal Society was meeting in the some- 
what dilapidated Gresham College, Bishopsgate 
Street, in the City of London, once the mansion 
of Sir Thomas Gresham, and it was here the 
brilliant and versatile Hooke was for long curator 
and demonstrator. In old age, however, he became 
penurious and in one letter Copley wrote: “Dr. 
Hooke is very crazy; much concerned for fear 
he should outlive his estate. He hath starved one 
old woman already and I believe he will endanger 
himself to save sixpence for anything he wants...” ; 
and on March 4, 1702-3, he wrote again: “Your old 
Philosopher is gone at last, to try experiments with 
his ancestors. He is dead, they say, without a will : 
had only a poor girl with him, who, seeing him ill, 
went to call somebody; and he was quite gone 
before- they came’’. In another letter he wrote: 
“The poor Corporation of London stand in need to 
make some profit of the ground of Gresham College. 
I wonder old Dr. Hooke did not choose rather to 
leave his 12,000 1. to continue what he had promoted 
and studied all the days of his life (I mean mathe- 
matical experiments) than to have it go to those 
whom he never saw or cared for. It is rare that 


houses or at 
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Virtuosos die rich, and it is a pity they should if 
they were like him . 

It was in the year followi ing Hooke’s death that, 
on October 14, 1704, Copley made the will in which 
he bequeathed to Hans Sloane and Abraham Hill 
(1635-1721), F.R.S., the sum of ‘“‘one hundred pounds, 
in Trust for The Royal Society of London for im- 
proving natural knowledge, to be laid out in experi- 
ments, or otherwise, for the benefit thereof, as they 
shall direct and appoint”. Sloane and Hill accord- 
ingly dealt with the bequest until Hill’s death, after 
which Sloane was entirely responsible ; and not until 
he died in 1753 did the Council make the awards. 
It is thus seen that the early history of the bequest 
belongs to the time when the Royal Society was 
meeting in its new quarters in Crane Court, Fleet 
Street, under the successive presidencies of Newton, 
Sloane and Folkes. 

Though from a letter of Franklin’s it appears that 
the interest on Copley’s bequest was being used as 
early as 1717, the first definite record is a minute of 
a Council meeting in 1731 which ran: “To Mr. 
Stephen Gray. For his ‘new Electrical Experiments’ 
—as an encouragement to him for the readiness he 
has always shown in obliging the Society with his 
discoveries and improvements in this part of Natural 
Knowledge”. A second award was made to Gray in 
1732, but in neither case was the amount stated. 
Gray was a Kentish man who had devoted himself 
to astronomy and other subjects, but who in 1719 
had become a Brother in the ancient Charterhouse, 
London, the buildings of which are now being 
restored after being severely damaged during the 
Second World War. He was then about sixty-six 
years of age, and it was within the walls of the 
Charterhouse, and at the home of his friend, the 
Rev. Granville Wheler (1701-70), F.R.S., Otterden 
Place, near Faversham, Kent, that he made that 
long series of experiments with feathers, hair, silk, 
wool, soap bubbles, resin and threads which mark an 
epoch in the early history of electricity. Gray died 
in 1736, when about eighty-three years of age, and 
it was later in that year that, at the suggestion of 
Folkes, the Copley Medal was founded. Made of fine 
gold and weighing one ounce two pennyweights, it 
was first presented to the Rev. John Theophilus 
Desaguliers (1683-1744), whose services as curator 
and demonstrator to the Society were as valuable as 
those of Hooke. All subsequent medals were made 
of gold until 1941, when the medal was redesigned 
by Mrs. M. Gillick and changed to silver gilt. Of 
the medals presented in the eighteenth century, the 
Royal Society possesses that given to Priestley, 
while the British Museum has those given to Gowin 
Knight in 1747 and to Sir William Hamilton in 1770. 

There are features in the early history of the 
Medal before it had attained an international status 
that are absent in its later story. Altogether, between 
1736 and 1800, fifty-nine awards were made; no 
awards were made on eleven occasions, but duplicate 
medals were given in 1783 and 1791, while in 1766 
no fewer than three were given. It was awarded 
twice to Desaguliers and twice to Canton, and one of 
the recipients in 1783 was the nineteen-year-old York- 
shire boy, John Goodricke (1764-86), who in the 
previous year had discovered the “Period of the 
Variation of Light in the Star Algol”. Among other 
recipients of the Medal in the eighteenth century 
were the Rev. Stephen Hales, who lies beneath the 
tower of Teddington Church, which he restored ; 
Benjamin Robins, the gunnery expert, who died in 
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India; the Greenwich astronomers, Bradley and 
Maskelyne; Smeaton; Benjamin Franklin; the 
wealthy Clapham recluse, Henry Cavendish ; Péter 
Woulfe, “the last true believer in alchemy’’, whose 
rooms were as full of furnaces and crucibles as the 
laboratory of Paracelsus; Captain Cook; John 
Hunter; William Herschel; Rumford; and Voita, 
who held the chair of physics at Pavia. 

With the award of the Medal to Volta in 1794, a 
new chapter in its history opens, for previously all 
the recipients had been British citizens, if not of 
British birth. It was, however, not until 1820, when 
the Medal was given to the Danish physicist, J. C. 
Oersted, that the name of another foreigner is found 
in the list of Medallists. There probably would have 
been others had it not been for the unfortunate 
effects of the French Revolution and the Napoleonic 
Wars. Not long before the signing of the Treaty of 
Amiens in 1802, the Paris Academy of Sciences 
elected Banks, Maskelyne, Cavendish, Herschol, 
Priestley and Rumford foreign members, but there 
was no reciprocal action by the Royal Society. The 
nineteenth century fortunately saw much of the 
national animosity die away, and in 1825 Aravo 
became the first Frenchman to receive the Medal, in 
1836 Berzelius the first Swedish man of science, and 
in 1838 Gauss the first German. By then the Rum. 
ford and Royal Medals had been founded, and some 
awarded to foreigners, the Royal Society recognizing 
with impartiality the debt to Continental investi- 
gators and teachers, to whose laboratories and lecture 
rooms British students began to flock in increasing 
numbers. 

By the middle of the nineteenth century the 
Copley Medal had become recognized all the world 
over as the ‘‘palm and laurel” of science, and under 
the successive presidencies of Sabine, Airy, Hooker, 
Huxley, Spottiswoode, Stokes and Kelvin, the Society 
again and again acknowledged the work of other 
nations. It is thus found that, of the fifty awards made 
during 1851-1900, no fewer than thirty-two were made 
to foreigners, the list for the decade 1870-79, for 
example, including Mayer, Wéhler, Helmholtz, 
Pasteur, Hofmann, Claude Bernard, J. D. Dana, 
Boussingault and Clausius. Among the British names 
found in that half-century are Owen, Darwin, Lyell, 
Joule, Stokes, Kelvin (then Sir William Thomson) 
and Lord Rayleigh. To this period also belongs the 
generous gift in 1881 by the then Sir Joseph Copley 
of a sum in Consols sufficient to provide an 
honorarium of £50 for each medallist...The value of 
this investment diminishing gradually, the Council 
of the Society last year made provision for increasing 
it to £100. 

The present century opened with nothing to 
disturb the relations of men of science of either 
Europe or America, and under the presidency of Sir 
William Huggins, himself a Copley medallist, the 
Medal was awarded in turn to Willard Gibbs of 
America, Lord Lister, the Austrian geologist Suess, 
Sir William Crookes and the Russian chemist Men- 
deléeff. Next in the list come the names of Metch- 
nikoff, Michelson, A. R. Wallace, G. W. Hill, Galton, 
Sir George Darwin, Prof. Klein of Géttingen, Ray 
Lankester and Sir J. J. Thomson, to whom it was 
given in 1914. With the outbreak of war and the 
upheavals of the past forty years, the Royal Society 
was faced with difficulties similar to those of the 
days of Napoleon, and once again British names 
appear with greater frequency, as can be seen from 
the following table : 
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CorLey MEDALLISTS, 1915-54 

1915 I. P. Pavlov 1934 Prof. J. 8S. Haldane 
1916 Sir James Dewar 1935 Prof. C. T. R. Wilson 
1917 Emile Roux 1936 Sir Arthur Evans 
1918 H. A. Lorentz 1937 Sir Henry Dale 
1919 W. M. Bayliss 1938 Prof. Niels Bohr 
1920 H. T. Brown 1939 Prof. T. H. Morgan 
1921 Sir Joseph Larmor 1940 Prof. P. Langevin 
1922 Lord Rutherford 1941 Sir Thomas Lewis 
1923 Sir Horace Lamb 1942 Sir Robert Robinson 
1924 Sir Edward Sharpey- 1943 Sir Joseph Bancroft 

Schafer 1944 Sir Geoffrey Taylor 
1925 A. Einstein 1945 Dr. O. T. Avery 
1926 Sir Frederick Gow- 1946 Dr. E. D. Adrian 

land Hopkins 1947 Prof. G. H. Hardy 
1927 Sir Charles Sherring- 1948 Prof. A. V. Hill 

ton 1949 Prof. G. C. de Hevesy 
1928 Sir Charles Parsons 1950 Sir James Chadwick 
1929 Prof. Max Planck 1951 Prof. D. Keilin 
1930 Sir William Bragg 1952 Prof. P. A. M. Dirac 
1931 Sir Arthur Schuster 1953 Prof. A. J. Kluyver 
1932 Dr. G. E. Hale 1954 Sir Edmund Whit- 
1933 Prof. T. Smith taker 


Whatever the conclusions of a reader may be, it is, 
however, well to remember the lines, 


“This world is not for aye; nor ’tis not strange 


That even our love should with our fortunes change .. .” 


and in spite of contending political systems and of 
national prejudices, no man of science will dispute 
the remark of Davy’s that “Science like Nature, to 
which it belongs is neither limited by time or space. 
It belongs to the world and is of no country and 
no age”. 


OBITUARIES 
Prof. A. F. Blakeslee 


Pror. ALBERT FRANCIS BLAKESLEE, of Smith 
College, Northampton, Massachusetts, died on 
November 16 at the age of eighty. Blakeslee 


will perhaps be remembered as a man who made 
more varied discoveries than any biologist of his 
time. Fifty years ago he observed that sexual repro- 
duction in fungi was restricted by a genetic incom- 
patibility, a principle which is now known to limit 
and direct sexual reproduction in plants and in the 
lower organisms generally. Thirty years ago in a 
large series of collaborative studies on Datura he 
began to show a whole unexpected range of chromo- 
some changes (polyploidy, interchange, etc.) under- 
lying the variation of the species. He pursued this 
work with unremitting zeal throughout his life. But 
concurrently he was showing how polyploidy could 
be induced in innumerable plants with the help of 
colchicine and he was investigating the genetics of 
the faculties of taste and smell in man as well as of 
fragrance in the plant itself. At the age of seventy- 
six, still a guest professor at Smith College, he 
attended the Stockholm Botanical Congress and gave 
papers on the chromosomes of species hybrids in 
Datura, on the use of chimeras in elucidating the 
germ layers of plants, on the culture of excised 
embryos as @ means of growing inviable hybrids, and 
on the development of Rudbeckia hirta by selection 
from a wild species to a garden plant. 

These were only the more successful inquiries that 
Blakeslee undertook. His energy and curiosity took 
him into many less productive fields. Two things 
strike one about his work. One is that he never 
made any serious mistake of observation. The other 
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is that he never ventured far into interpretation or 
prediction after his early studies in fungi. Here his 
interpretation was unfortunate in that he tied the 
word sex to the property of incompatibility and 
thereby led his successors astray right down to the 
present day. In a sense the style of his work is best 
represented by his diagrams of Datura chromosomes 
as packets. These diagrams were useful in a popular 
sense so long as one did not take them too seriously. 
Unfortunately, it seems that Blakeslee did take them 
seriously. To him they were the real and final thing. 

By his alertness and ingenuity and his practical 
sense in organizing the Station for Experimental 
Evolution at Cold Spring Harbor (where he worked 
for thirty years, until his retirement in 1942), 
Blakeslee kept the botanical world of his day in 
a state of constant stimulation. C.D. DARLINGTON 





Dr. Neville Jones, O.B.E. 


NEVILLE Jones, whose death on October 24 
has been reported from Bulawayo, was a pioneer 
in Rhodesian prehistory, and during the years 
1913-47 worked out the complete succession of 
Stone Age cultures in the western part of Southern 
Rhodesia. 

Born in London in 1880, he was educated at 
Dulwich College and, after working in various 
capacities, including an appointment as geologist to 
an expedition to Madagascar in 1906-7, he went to 
Southern Rhodesia as a missionary in 1912. On 
retiring from mission work at the age of fifty-five, he 
at once commenced a new profession and became the 
first keeper of prehistory at the National Museum of 
Southern Rhodesia in Bulawayo. Here he was able 
to devote his whole time to prehistory, and his best 
scientific work was done during the twelve years in 
which he held his Museum post. 

Important as was his work on the Stone Age, it 
was by no means his only interest. As a missionary 
among the Matabele, he saw much of these people 
and published anthropological notes as well as a 
valuable historical study, “My Friend Kumalo” 
(1945). With one very important exception, his 
field-studies related to the Stone Age; but the 
exception, the excavation of Mapungubwe in the 
Northern Transvaal in 1934, shows that Stone Age 
studies were not all-absorbing for him. His work at 
this site is incorporated in Prof. Fouche’s ‘““Mapun- 
gubwe”’ (1937). Besides his archeological work, he 
was a botanist and entomologist of no mean calibre, 
being especially interested in the collection and 
culture of South African xerophytic plants. 

Jones was the moving spirit in the foundation of the 
Commission for the Preservation of Natural and Hist- 
orical Monuments and Relics in Southern Rhodesia 
and was successively its secretary and its chairman. 

His lack of formal academic qualifications never 
greatly worried him, for his wide correspondence 
enabled him to keep in touch with current thought 
in bis subject ; nevertheless, the honorary doctorate 
conferred upon him by the University of the Wit- 
watersrand during the last year of his life was the 
most highly prized of his honours. 

Jones’s work for prehistory will provide a basis 
which other workers, who knew him not, will accept 
or, perchance, reject; to his colleagues throughout 
Southern Africa he has, however, left a personal 
legacy in bis example of quiet, careful and unselfish 
work for which they are all the richer. 

R. SUMMERS 
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NEWS and VIEWS 


Chief of the Royal Naval Scientific Service : 
Dr. H. F. Willis 


Dr. H. F. Wirxts, superintendent of the Admiralty 
Research Laboratory, Teddington, has been appointed 
chief of the Royal Naval Scientific Service, in suc- 
cession to Mr. W. R. J. Cook (see Nature, 166, 135 ; 
1950), who has become deputy director of the Atomic 
Weapons Research Establishment, Aldermaston. Dr. 
Willis, who is forty-five, is a graduate of University 
College, Cardiff, where he obtained first-class honours 
in mathematics in 1930 and physics in 1931. In the 
following year he gained the M.Sc. degree for research 
on relativity, and he became a Fellow of the University 
of Wales in 1933. He spent the next two years at 
Trinity College, Cambridge, engaged on experimental 
research into the optical properties of molecules, and 
for this work was awarded the Ph.D. degree. In 1935 
he joined the British Cotton Industry Research 
Association and carried out fundamental research on 
the diffusion of dye-stuffs into cellulose fibres. These 
early researches were described in papers published in 
the Philosophical Magazine and in the Proceedings of 
the Royal Society and of the Faraday Society. Dr. 
Willis entered Admiralty service in 1938, and until 
1945 was engaged on underwater acoustics research 
in the anti-submarine experimental group, where he 
served with notable success. He was then transferred 
to the Admiralty Research Laboratory, and until 
1953 was leader of the group concerned with problems 
in electromagnetics and underwater ballistics. He 
was promoted to the rank of deputy chief scientific 
officer in January 1950, and became superintendent 
of the Admiralty Research Laboratory in 1953. The 
versatility and originality displayed by Dr. Willis in 
his own researches, and the skill which he has since 
shown in organizing and directing the work of a large 
establishment, augurs well for the Royal Naval 
Scientific Service in the increasingly important part 
which it is being called upon to play in naval affairs. 


The French Canadian Association for the Advance- 
ment of Science: Dr. L. Marion, M.B.E. 


Dr. L&o Marion, director of the Division of Pure 
Chemistry of the National Research Council of 
Canada, has been elected president for 1954-55 of the 
French Canadian Association for the Advancement 
of Science. He has also been awarded an honorary 
D.Sc. by Laval University, Quebec. Dr. Marion, who 
is fifty-five, is a graduate of Queen’s University, 
Kingston, and a Ph.D. of McGill University, Mon- 
treal. Joining the National Research Council in 1929, 
he became head of the Organic Chemistry Section in 
1943, and four years later he took on the added 
responsibilities of editor-in-chief of the Canadian 
Journal of Research, a post which he still holds. In 
1952 he became director of the Division of Pure 
Chemistry. Dr. Marion’s research work has been 
concentrated on the alkaloids, and for his contri- 
butions in this field he was awarded in 1948 the gold 
Médaille Léo Parizeau of the French Canadian 
Association for the Advancement of Science. He 
was elected to the Royal Society of Canada in 1942 
and was made an M.B.E. in 1946. 


British Participation in an International Atomic 
Energy Agency 


In reply to a question in the House of Commons 
on November 16,°Sir Winston Churchill stated that 
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during the past seven years the United Kingdom had 
exported to forty-six countries more than sixtcen 
thousand consignments of isotopes and, at the present 
rate of seven thousand consignments a year, is the 
world’s largest exporter of isotopes. Both Canada 
and the United States are also important exporters, 
The Isotopes Advisory Service offers advice and 
assistance, and foreign students are accepted at the 
Isotopes Training School at Harwell. Sir Winsion 
agreed that the United States has given a fine lead 
towards establishing an international atomic energy 
agency and that it will have a great effect on the 
international situation if the Soviet Union can see its 
way to co-operate fully along these lines. On the 
same day, the Minister of State, Mr. A. Nutting, told 
the United Nations Political Committee in New York 
that, following the allocation by the United States 
the previous day of 100 kgm. of fissionable material, 
the British Government is prepared to hold available 
as required 20 kgm. of fissionable material for use in 
atomic research reactors abroad. Mr. Nutting added 
that the British Government has not changed its 
views as to the objectives of the agency: these are 
to encourage world-wide research and development 
of peaceful uses of atomic energy; to arrange for 
nuclear materials to meet the needs of research, 
development and practical applications to medicine 
and other peaceful activities, including the eventual 
production of power; to foster the interchange of 
unclassified information ; and to prepare for a time 
when the use of atomic energy for peace becomes the 
predominant and perhaps the exclusive use of atomic 
energy. 


Sucrose Synthesis in Tobacco Leaves 

THE synthesis of radioactive sucrose by tobacco 
leaves from glucose and glucose-l-phosphate uni- 
formly labelled with carbon-14 has been described by 
P. V. Vittorio, G. Krotkov and G. B. Reed (Canadian 
J. Bot., 32, No. 3, 369; 1954). The petioles of 
detached tobacco leaves were placed for six hours in 
solutions of labelled glucose and glucose-1-phosphate, 
and at the end of this time the leaves were extracted 
with boiling 80 per cent ethanol and the activities 
of their various carbohydrate fractions determined. 
The specific activities of both the glucose and fructose 
moieties of sucrose were found to be high and very 
close to one another, while that of the free fructose 
was low. From this the authors have concluded that 
the fructose component of sucrose is derived from 
the glucose introduced and not from the free fructose 
present in leaves. Low activity in starch observed 
in photosynthesizing leaves indicates preferential 
transformation of the glucose introduced into sucrose 
and not into starch. Moreover, respiration of labelled 
glucose ought to produce labelled carbon dioxide 
and, after a period of photosynthesis, labelled starch. 
The isolated starch contained only a small amount 
of activity, indicating that, in light, sugars were not 
utilized in respiration to any great extent. In dark- 
ness, however, sugars were so utilized, the carbon 
dioxide evolved being very radioactive. The authors 
conclude that the mechanism of sucrose synthesis in 
tobacco leaves must be different from that reported 
for Pseudomonas saccharophila. 


Proceedings of the Botanical Society of the British 
Isles 
Ir has been decided to replace the “Yearbook” of 
the Botanical Society of the British Isles by a new 
publication—the Proceedings, which is to appear 
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twice a year, edited by D. H. Kent (1, Part 1; 
pp. 117). The first number contains such familiar 
features as plant notes, plant records and abstracts 
from literature. Each number will also contain papers 
of general interest on the British flora and, at times, 
reports of officers, excursions and exhibition meetings, 
as well as book reviews and obituaries. The present 
part includes papers on recent work on the Manx 
flora and the flora of Caldey Island, Pembrokeshire. 
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Abstracts of Theses for Cambridge Research 


Degrees 

ApstRACts of the theses which were approved for 
the degrees of Ph.D., M.Sc. and M.Litt. in the 
University of Cambridge during the academic year 
1951-52 have been published by the Cambridge 
University Press (pp. xvii+243; 1954). These 
abstracts, which vary in length from about 120 to 
500 words each, are arranged in the alphabetical 
order of the faculties under the degree committees of 
which the research students worked and, within 
these main divisions, by departments. Sixteen 
faculties are represented, and two hundred dis- 
sertations are reported. These include twenty-six in 
the Faculty of Mathematics, and in the Faculty of 
Physics and Chemistry twenty on subjects in organic 
and inorganic chemistry, ten in physical chemistry 
and thirty-one in physics. The Faculties of Classics 
and Divinity are represented by only one each. An 
index of authors’ names is given at the end of the 
volume, and it is stated that a copy of each dis- 
sertation is deposited in the University Library and 
may only be consulted there. It is to be expected that 
the substance of the more important dissertations 
will be published in due course in the appropriate 
journals ; but as it is essential that details of work 
done, particularly in science, should be made avail- 
able as soon as possible to those interested, it is a 
pity that this handy reference volume to research 
work performed at the University of Cambridge 
during 1951-52 was not published more promptly, 
and further that the copies of the dissertations are 
not available for loan except perhaps from the 
individual authors. 


American Association for the Advancement of 

Science : Meeting in Berkeley 

THE one hundred and twenty-first meeting of 
the American Association for the Advancement of 
Science will be held in the University of California, 
Berkeley, during December 26-31. In addition to 
the programmes of the Association and its eighteen 
sections, fifty-nine societies and other scientific 


organizations have arranged more than_ three 
hundred sessions, and another thirty societies 
are co-sponsoring appropriate symposia. Besides 


the address of the retiring president of the 
Association, Dr. E. U. Condon, to be given on 
December 28, the Association will hold three general 
symposia as follows: natural resources—power, 
metals, food ; population problems ; and the impact 
of science on society. As in previous years, the main 
work of the meeting will be divided between the 
various Sections of the Association, which are as 
follows: (A) mathematics; (B) physics; (C) 
chemistry ; (D) astronomy; (E) geology and geo- 
graphy ; (F) zoological sciences; (FG) biological 
sciences ; (@) botanical sciences ; (H) anthropology ; 
(1) psychology ; (K) social and economic sciences ; 
(L) history and philosophy of science; (M) engin- 
ecring ; (N) medical sciences; (O) agriculture ; (P) 
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industrial sciences ; (Q) education; (X) science in 
general. Among the other meetings to be held in 
Berkeley at the same time are: the third Berkeley 
symposium on mathematical statistics and prob- 
ability ; a four-day international conference on animal 
venoms ; a meeting of the International Union for 
the Study of Social Insects; the annual Academy 
conference, made up of delegates of the forty-two 
academies of science affiliated with the Association ; 
and the recurrent conference on scientific editorial 
problems and the conference on scientific man-power. 
Further information can be obtained from Sidney 
S. Negus, Medical College of Virginia, Richmond, 
Virginia. 

Geographical Association: Annual Conference 


THe annual conference of the Geographical 
Association will be held in the London School of 
Economics, Houghton Street, Aldwych, London, 
W.C.2, during January 4-7, 1955. The presidential 
address, by Prof. 8S. W. Wooldridge, professor of 
geography, King’s College, London, will be on ““The 
Status of Geography and the Role of Fieldwork’’. In 
addition to the usual lectures, excursions, etc., there 
will be a symposium sponsored by the Public and 
Preparatory Schools Section of the Association, on 
problems of geography teaching and their relation to 
preparation for the university. Further information 
can be obtained from the honorary conference 
organizer, Prof. W. G. V. Balchin, University College, 
Swansea. 

The spring conference of the Association will be 
held in York during April 12-16, 1955, aud the 
programme and reservation leaflet for this meeting 
will be enclosed in the January issue of the Associa- 
tion’s journal Geography. 


Israeli Scientific Papers during 1948-53 : Exhibition 

in London 

An exhibition of scientific papers published by 
Israeli research workers during 1948-53, covering 
both pure and applied science, will be held at the 
Israeli Consulate, 18 Manchester Square, London, 
W.1, starting on December 7, and will remain open 
to the public for a fortnight, Saturdays excluded. 
Sir Francis Simon will open the exhibition and will 
give an impression of science in Israel during his 
recent visit to that country. Sir Ben Lockspeiser 
will also speak, and Sir Robert Robinson will be in 
the chair. A catalogue will be issued of all the 
publications concerned, with full names and references, 
as well as an author index. Further information can 
be obtained from the Office of the Scientific Attaché 
of the Embassy of Israel, 2 Palace Green, London, 
W.8. 


University of Glasgow 

Tue following appointments have recently been 
made in the University of Glasgow: to the chair of 
agriculture, Prof. Donald S. Hendrie, principal of the 
West of Scotland Agricultural College; to lecture- 
ships, A. C. MacLean (geology), Dr. E. Gelles (chem- 
istry) and Dr. H. W. Wilson (experimental physics) ; 
to Imperial Chemical Industries, Ltd., fellowships, 
Dr. S. C. Abrahams (senior fellowship) and Dr. 
H. M. M. Shearer. For the present session, 287 new 
students (228 men and 59 women) have been admitted 
to the Science Faculty of the University, compared 
with 259 in 1953. In the University as a whole, the 
total number of matriculated students stands almost 
unchanged at 5,585. The new wing of the Chemistry 
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Institute (see Nature, 173, 119 ; 1954) is now occupied, 
and thus once more, after an interval of fourteen 
years, the whole work of the Department of Chemistry 
is housed in a single building, which—with a floor 
space of about 170,000 sq. ft.—is probably the largest 
chemistry building in Britain; including staff and 
students, the total population of the Department is 
well over a thousand. 


University of Leeds 


Tue following gifts have recently been received 
by the University of Leeds: a grant not exceeding 
£10,000 from the Wellcome Trust to the Department 
of Pharmacology for the reconstruction and re- 
equipping of laboratories; £20,000 from Imperial 
Chemical Industries, Ltd., to the Department of 
Textile Industries towards the cost of equipping the 
new man-made fibres building. 

Dr. H. E. Nursten has been appointed a lecturer 
in the Department of Leather Industries of the 
University. 


Christmas Lectures for Young Persons 


A NUMBER of organizations are holding lectures for 
young persons during the Christmas school holidays. 
Among them, the Royal Institution’s “course of six 
lectures adapted to a juvenile auditory” is perhaps 
the most famous, certainly the most long-standing, 
and this year the one hundred and twenty-fifth such 
course will be by Sir Frank Whittle on ‘“‘The Story 
of Petroleum’—its uses; geology; exploration, 
production and transportation; engines and their 
fuel; refining; and the gas turbine. The lectures 
will be given at 3 p.m. on Tuesdays, Thursdays and 
Saturdays during December 28—January 8 at the 
Royal Institution, 21 Albemarle Street, London, 
W.1, the fee being, juveniles (10-17 years) £1, adults 
(non-members) £2. For the first time the Plastics 
Institute is holding this year a Christmas lecture for 
young persons, which will be given at 2.30 p.m. on 
December 30 in the auditorium of the Wellcome 
Research Institution, 183-193 Euston Road, London, 
N.W.1, by Dr. J. C. Swallow, chairman of the Plastics 
Division, Imperial Chemical Industries, Ltd., whose 
talk, on “The Wonder of Plastics’, will be illustrated 
by a film and supported by practical demonstrations ; 
applications for tickets should be made to the Secre- 
tary to the Council, Plastics Institute, Adam Street, 
London, W.C.2. A Christmas lecture, for persons 
between twelve and eighteen years old, which the 
Manchester Federation of Scientific Societies organ- 
izes will be given this year by Dr. H. A. Thomas, 
of Courtaulds, Ltd., his subject being ‘““How Science 
helps to Clothe us”; the lecture will be given in 
the Chemistry Lecture Theatre of the University of 
Manchester at 3 p.m. on January 5 and will be 
repeated the next day. Applications for tickets 
should be made through one of the Federation’s 
participating societies. 


Announcements 


WE regret to announce the death of Prof. E. 
Fermi, For.Mem.R.S8., of the Institute for Nuclear 
Studies, University of Chicago, on November 28, 
aged fifty-three. 


THE title of emeritus professor in The Queen’s 
University of Belfast has been conferred on Prof. 
James Small, professor of botany during 1920-54, 
and on Prof. J. K. Charlesworth, professor of geology 
during 1921-54. 
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THE title of professor of biochemistry in the 
University of London has been conferred on Dr, 
Henry Mcllwain in respect of the post held by him 
at the Institute of Psychiatry. The title of reader 
in physiology in the University of London has been 
conferred on Dr. M. Grace Eggleton in respect of the 
post held by her at University College. 


Pror. JOHN WALTON, regius professor of botany 
in the University of Glasgow, has been elected a 
corresponding member of the Botanical Society of 
America. 

Pror. F. E. Kine, Sir Jesse Boot professor of 
chemistry in the University of Nottingham, has been 
elected to the board of British Celanese, Ltd. Prof, 
King will assume a full-time appointment with the 
company as director in charge of research in 
September next. 


THE new Cavendish professor of experimental 
physics in the University of Cambridge, Prof. N. F. 
Mott, has invited Prof. H. Bethe, of Cornell Univer- 
sity, to spend the academic year 1955-56 in the 
Cavendish Laboratory as an adviser on the develop- 
ment of nuclear physics in the Laboratory. Prof. 
Bethe’s acceptance of the invitation should prove 
exceedingly valuable for the future of nuclear physics 
at Cambridge, since he is particularly well informed 
about American developments in this field. 


Dr. GrorceE PorTER, until recently assistant 
director of research in the Physical Chemistry 
Department, University of Cambridge, has joined the 
British Rayon Research Association as assistant 
director and is in charge of fundamental research 
there. Dr. Porter’s research work has been concerned 
with reaction kinetics and, by means of flash photo- 
lysis, with the investigation of the very short-lived 
intermediates which are to a large extent responsible 
for chemical change. At the Association he will be 
continuing bis recent work on the absorption of light 
by aromatic molecules and dyestuffs. 


THE Massachusetts Institute of Technology is 
offering a small number of scholarships to university 
graduates in science, technology and architecture to 
enable them to work at the Institute during the 
summer session, June 6-September 24, 1955. Candi- 
dates must be British citizens, less than thirty-two 
years of age, with at least two years experience in 
postgraduate research, either academic or industrial. 
Application forms (to be returned by January 3) can 
be obtained from the Cultural Affairs Officer of the 
United States Embassy, Room 302, 41 Grosvenor 
Square, London, W.1. 


UnpER the provisions of the Fulbright Pro- 
gramme, travel grants are available to citizens of the 
United Kingdom and British Colonies to go to the 
United States for an academic or educational pur- 
pose, provided that they have the financial support 
in dollars for the visit and have been accepted by an 
American institution of higher learning. The grants 
cover the cost of direct travel between a candidate’s 
home and America and return, and are available 
during June 1, 1955-February 1, 1956. Applications 
must be submitted by March 15, 1955 (for those 
travelling between June 1 and July 31), or June 1 
(for those travelling after August 1). Application 
forms and further information can be obtained from 
the United States Educational Commission in the 
United Kingdom, 55 Upper Brook Street, London, 
wei. 
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PRODUCTION OF SILICONES 


NEW PLANT AT BARRY, GLAMORGAN 


ROF. F. 8S. KIPPING, working in the University 

of Nottingham at the end of the nineteenth 
century and early years of the twentieth, carried out 
many experiments in the field of silicon chemistry. 
In the course of that research he often obtained 
polymeric silicon products, which he recognized .as 
containing silicon—oxygen linkages. Such compounds 
are known as ‘silicones’, a term which refers to any 
organo-silicon compound based on a silicon-oxygen 
structure with hydrocarbon radicals attached to the 
silicon atoms ; for example : 


R o_o 
| | 
R—Si—O—| —Si—O |—Si—R 
| | 
R «ft 


The group inside the brackets is called ‘siloxane’. 
In the case of the polydimethylsiloxanes (that is, 
where R is a methyl group), n may vary from zero 
to several thousands. 

The production of silicones in Great Britain is 
taking place at the Albright and Wilson, Ltd., 
Silicone Plant at Barry, Glamorgan. Here, on a 
large scale, with the rigorous exclusion of air and 
moisture, silicon is treated with methyl chloride at 
275-375° C., using copper as a catalyst. The various 
chlorosilanes, RSiCl,, R,SiCl,, R,SiCl, which are so 
produced, for example, Si + 2RCl + R,SiCl,, are 
fractionated into the pure components. ‘This frac- 
tionation is difficult because the boiling points of the 
chlorosilanes are very close together, and fractioning 
equipment of great efficiency has to be used. The 
fractionating section is a vital part of the whole 
plant, and involves fractionating columns of great 
height and many stages, all controlled automatically. 
This fractionation gives the mono-, di- and tri- 
substituted chlorosilanes as pure components. Some 
of these chlorosilanes are further treated by a Grig- 
nard reaction, in order to prepare those types of 
chlorosilanes which are most needed. 

Having obtained pure chlorosilanes, the next 
step is their hydrolysis by water. The products of 
hydrolysis condense, and by varying the initial 
proportions of the different chlorosilanes, a great 
variety of silicone products can be made; _ for 
example : 


Chlorosilanes 


Distillation 
| 


¥ 





Distillation unit showing’still pots and batch columns 


It can thus be seen that the characteristics of the 
products are dependent upon the type of chlorosilane 
or mixture of chlorosilanes used. 

The process employed is very complicated, and 
requires to be carried through many stages with 
great care in order to produce pure materials in good 
yield. Since the chlorosilanes are corrosive and toxic, 
react spontaneously with water, and are highly 
inflammable, elaborate safety precautions are 
necessary, and the volatile solvents and _ inter- 
mediate products of the process are stored in 
buried tanks. The tanks—and indeed all parts of 
the system—are purged with inert gas to prevent 
the ingress of air or moisture and to reduce the 

risk of fire. Incoming 
solvents are transferred 
to the storage tanks 
from the tank cars, in 
which they are trans- 





ported, by pumps. On 


RSiCl, R,SiC), meee the other hand, raethyl 

’ ! ‘ ] chloride, which is also 
Hydrolysis [RSi(OH)s] [R,Si(OH),) [R,8i(OH)] transported by road 
Condensation R—Si—O—Si—R R eS. ; tanker, is transferred 
l | l | l to storage tanks by 

O Oo | —f Bix. R—Ki-...H-_ SER utilizing its own vapour 

| | | | Ee | | pressure. All people 
R—Si—O—Si—R R baie jk R R working in hazardous 

areas wear protective 

Resins Fluids, elastomers Dimers clothing, including 


(3-Dimensional polymers) 





(Linear polymers) 


glasses and helmets. 
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The silicone products so obtained are characterized 
by good resistance both to water and to extremes of 
temperature. These are extremely useful properties, 
and result in silicones being used for such varied 
purposes as paints for metal surfaces at high tem- 
peratures, water-repellent treatment for masonry, 
concrete, etc., heat-resistant electrical insulation, 
silicone finishes to fabrics to achieve water repellency 
and stain resistance, etc. The quality of the products 
is tested in a technical service laboratory, and the 
development of new products is also carried out there. 

The knowledge and experience of the Dow Corning 
Corporation in the field of silicone science and tech- 
nology has been freely available and has been drawn 

-on liberally in the setting up of this plant at Barry. 


BIOLOGICAL EVALUATION OF 
WATER AND EFFLUENTS 


N November 3 the Biological Methods Group of 

the Society for Analytical Chemistry held a 
symposium in London on “The Biological Evaluation 
of Water and Effluents’”. The large attendance and 
the spirited discussion of the papers gave a good 
indication of the large number of chemists and 
biologists now interested—either as consultants or as 
servants of public authorities or industrial firms—in 
the assessment and control of pollution. 

Dr. B. A. Southgate (Water Pollution Research 
Laboratory, Stevenage), in introducing the subject, 
said that, in trying to evaluate the purity either of 
a surface water or a polluting discharge, chemical 
and biological methods are usually used in con- 
junction. Waters to be used as a source of domestic 
—or sometimes industrial—supply are usually exam- 
ined bacteriologically ; with some surface waters the 
algal flora is examined frequently, and measures are 
taken to prevent its interfering with filtration and 
other methods of treatment of the water. There is a 
great lack of quantitative information on the dis- 
tribution of different species of fish in rivers, par- 
ticularly in rivers polluted by sewage and industrial 
effluents. Recent work has shown that large numbers 
of coarse fish enter a channel carrying an undiluted 
sewage effluent, in which conditions only rarely 
become lethal; when lethal conditions do occur, it 
is due principally to depletion of oxygen in solution. 

In regulating the discharge of effluents containing 
oxidizable matter to a stream, a method is urgently 
required whereby the effect of a given discharge on 
the oxygen tension in the stream can be predicted. 
Usually effluents are examined by the test for bio- 
chemical oxygen demand or, better, by measuring 
uptake of oxygen in a respirometer (of which a new 
modification of an instrument of the Warburg type 
was described), but it is by no means certain that 
the rate of oxidation—particularly of ammonia— 
measured in this way is the same as that which occurs 
in a stream. In the direct measurement of rate of 
oxidation in a river, it is necessary to be able to 
determine the rate of solution of oxygen from the 
air—known to vary widely with turbulence, surface 
agitation, and other factors. Dr. Southgate described 
an attempt to do this by following changes in the 
oxygen content of air trapped in a light plastic con- 
tainer, open at the bottom, and floating on the 
surface of the water. Rapid fluctuations may occur 
in the oxygen tension in polluted streams, and 
methods of recording the level of oxygenation, con- 
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tinuously or at short intervals, are required. A 
recently developed apparatus was described in which 
samples are taken at intervals of ten minutes, the 
oxygen content being determined automatically, 
essentially by the method of Winkler; the values 
obtained are recorded on a chart. 

‘The determination of the toxicity of effluents to 
fish was then dealt with by Mr. D. W. M. Herbert 
(Water Pollution Research Laboratory, Stevenage) ; 
the object of this work, he said, is to predict, from 
tests in the laboratory, what effect a given effluent 
would have on fish when discharged to a river, 
Laboratory tests under controlled conditions can 
usually be made only during a period of a few days, 
though some have been continued for as long as 
three months ; from tests of this kind, one has to 
try to predict what the effect of a small concentration 
of a poison, present continuously in a river, would be 
on a fishery. It is very probable that the toxicity 
of a river water, containing a fixed concentration of 
a poison, would in any event fluctuate widely, since 
the toxicity of most direct poisons which have been 
examined increases markedly as the oxygen tension 
of the water containing them is reduced below the 
air-saturation value. Fluctuations in temperature 
and pH value may also be important; the toxicity 
of solutions of ammonia, for example, increases 
rapidly as the pH rises and ionization is suppressed. 

Dr. J. E. Forrest (Queen Mary College, London) 
described the effects of polluting discharges on the 
flora and invertebrate fauna of streams, dividing 
effluents for this purpose into those containing 
direct poisons ; those, such as sewage effluents, not 
directly poisonous but containing organic matter ; 
and those which affect a river mainly by raising its 
temperature. Below a source of serious organic 
pollution there is a well-marked sequence of changes 
in the invertebrate fauna and, it was suggested, a 
study of the fauna in a river might give more reliable 
information about the state of pollution of the water 
than would be given by random chemical tests. The 
relative importance of the level of oxygenation of 
the water and of the nature of the bottom in in- 
fluencing the distribution of invertebrates is not yet 
clear. Normally, of course, if mud and sludge are to 
be deposited in a river, this will happen in slow- 
flowing and relatively deep reaches where the oxygen 
tension of the water is likely to be low, as a result 
of uptake of oxygen at the mud—water interface, and 
of the relatively small rate of re-aeration of the water 
from the air under stagnant conditions. The im- 
portance of Cladophora (blanket weed) in modifying 
the character of a stream was stressed ; this alga may 
grow very vigorously in rivers polluted by nitrogenous 
organic matter. 

In a paper on the determination of the safety 
of water, Dr. E. Windle Taylor (Metropolitan Water 
Board, London) described the development which 
has taken place, from about 1880 onwards, of 
bacteriological methods of examination. Recently, 
for research purposes, the probable error of 
bacterial counts, using liquid media, has been 
considerably reduced by using only two-fold dilutions 
and examining seven series, each of ten tubes, in 
each determination ; the modern view, however, is 
that in routine estimations to safeguard the purity 
of a domestic water supply it is better to increase 
the number of samples examined rather than to 
increase the number of tests carried out on each 
sample. He emphasized that a public water under- 
taking aims at distributing a safe, but not necessarily 
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a sterile, water; sterilization may be necessary if 
the water is used in a hospital, and for process water 
in food industries further treatment may be desir- 
able to improve the keeping qualities of the product. 
Among the most promising recent developments in 
methods of examining water are membrane filtration, 
and the use of synthetic media containing only pure 
inorganic substances. Dr. Windle Taylor urged— 
and this was strongly supported in discussion of his 
paper—that standard bacteriological methods should 
be used in examining water supplies. Several mem- 
bers also referred to the urgent need for a second 
edition of “Methods of Chemical Analysis as applied 
to Sewage and Sewage Effluents’’, the first edition of 
which was published by the Ministry of Health as 
long ago as 1929. 

The discussion—a very brisk one—which followed 
the papers covered a wide range. Opinion seemed to 
be general that there is a need for a standard method 
of determining the toxicity of industrial effluents to 
fish ; an attempt is in fact now being made to develop 
such a@ method, and the Ministry of Agriculture and 
Fisheries has announced that it proposes to set up a 
laboratory in London in which samples submitted 
will be tested. Several speakers referred to the 
inadequacy of the widely used test for biochemical 
oxygen demand of effluents, and it is clear that much 
further work is required to determine rates of 
oxidation of pollutants, both under laboratory con- 
ditions and in different types of rivers. Only when 
this information is available will it be possible to 
predict with confidence the effect of an effluent on 
the level of oxygenation of a river—a very important 
matter to a river board proposing to frame by-laws 
regulating the quality of effluents in its district. 


RESEARCH ADMINISTRATION 
CONFERENCE 


HE eighth annual conference on ‘“The Adminis- 

tration of Research’ brought together nearly 
three hundred leaders of industrial, university and 
government research laboratories at New York 
University during September 8-10, coinciding with 
the opening of the centennial celebration of the 
College of Engineering of that University. The Con- 
ference is arranged each year by an informally 
organized group, mainly administrators of research 
and development in the physical sciences. Attendance 
is by invitation and proceedings are published by 
the host university. The programme for 1954 was 
designed for discussing specific incidents pertaining 
to management of the 4,000 million dollar research 
and development business throughout the United 
States. 

At each half-day symposium a series of four or 
five brief presentations was followed by lively dis- 
cussion. The first symposium, “Appraising and 
tewarding the Researcher’s Output’’, was opened by 
Dr. Eric A. Walker, dean of engineering at Penn- 
sylvania State College, where the Conference was 
founded in 1947. Observing that “‘we have passed 
through the stage of random creativeness and entered 
an age of deliberate creativity”, Dr. Walker said it 
is up to the research man to sketch the course the 
engineer will follow toward the prophesied increase 
of 100,000-150,000 million dollars in the gross 
product of the United States by 1960. Although no 
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objective measure of an individual scientist’s pro- 
ductivity has yet been found, the fact that empirical 
evaluations are becoming more prevalent and 
systematic was brought out by each speaker. 

Mr. Edwin A. Speakman, general manager, Guided. 
Missiles Division, Fairchild Engine and Airplane 
Corporation, described the semi-annual rating plan 
of his company. He noted that supervisors and 
administrators must often evaluate and reward a 
researcher’s potential far in advance, as it may take 
several years for his efforts to materialize. Dr. Clyde 
E. Williams, director of the Battelle Memorial 
Institute, emphasized that scientific integrity, self- 
lessness and ability to work in a team are considered 
most important for promotion. The National Bureau 
of Standards, according to its director, Dr. A. V. 
Astin, favours appraisal and promotion of staff 
members through the collective judgment of com- 
mittees at various levels. Although it is possible to 
promote a scientist to the highest grade without 
assigning him executive responsibility, such assign- 
ments are difficult to avoid, and Dr. Astin suggested 
that this situation warrants further study. 

The Conference speaker from outside the United 
States was Dr. John J. Green, of the Defence Research 
Board of Canada, who is science advisor to the Royal 
Canadian Air Force. He summarized, with individual 
examples, awards which are available for merit in 
research; these include sabbatical years, cash 
awards, royalties from inventions, the Queen’s 
honours lists, and the annual gold medal of the 
Professional Institute of the Civil Service of Canada. 

After a luncheon, addressed by Henry T. Heald, 
chancellor of New York University, the second sym- 
posium dealt with a number of general aspects of 
‘Management in the Research Laboratory”. The 
chairman, Dr. James B. Austin, vice-president of the 
Research Division, United States Steel, gave some 
pointers on the ‘Control of Service Groups”. He 
emphasized the concept of service to the research 
staff, pointing out that machine-shop backlog must 
be small enough to accommodate rush-work for 
scientists. Informal contacts by the scientist with 
the service technician are encouraged and priority 
determinations in shops work, for example, are made 
through weekly conferences. In exploring ““The Use 
of Work Simplification in a Research Laboratory’, 
Mr. Allan H. Mogensen, management consultant, 
gave examples of how other organizations have been 
helped by such a programme. He urged that all 
workers be taught to keep asking ‘why’, and recom- 
mended direct communication, rather than suggestion 
boxes, as the channel for ideas. 

The delicate problem of “Inter-Departmental 
Relations of Research to Production and Sales’? was 
treated by Mr. Kenneth H. Klipstein, general man- 
ager of the Research Division, American Cyanamid 
Co. Not only individuals but also whole sections of * 
an organization must practise team-work in to-day’s 
industry and government. To have the research 
director as a part of top management and to use 
co-ordinating committees for active planning and 
review are approaches Mr. Klipstein has found most 
effective. Similar experience was described by Dr. 
Blaine B. Wescott, executive vice-president, Gulf 
Research and Development Co. Having research 
consolidated in one department rather than dispersed 
among operating departments, he agrees, has more 
advantages than disadvantages. Qualifications of an 
engineering manager were discussed by Mr. Howard 
L. Richardson, vice-president of engineering oper- 
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ations, Sylvania Electric Products, Inc. No stereo- 
typed combination of traits has been found, he 
pointed out. A technical background is invaluable, 
but it does not teach such executive arts, as how to 
sell ideas and how to make decisions based on 
judgment where facts are sparse. 

In the third symposium, ‘‘Communication Problems 
in a Research Operation” were illustrated. The 
chairman of the session, Dr. Paul R. Beall, consultant 
to the Deputy Chief of Staff, Development, U.S. Air 
Force, was also chairman of the Conference Pro- 
gramme Committee. Alluding to the disappointment 
& company may experience when inadequate com- 
munication of a design proposal makes it lose a large 
contract, Dr. Beall gave some tips, including a 
dramatized presentation on how to make an effective 
oral presentation. “How ASTIA Can Help Your 
Research” was indicated in a series of specific cases 
by Mr. Leslie E. Neville, director of the Armed 
Services Technical Information Agency (ASTIA). 
This Agency is a clearing-house available to the U.S. 
Defense Department and its prime contractors. A 
single report, for example, obviated a long-range 
study of corrosion which saved one company fifty 
thousand dollars and two years in time. 

Dr. Howard G. Vesper, vice-president of the 
Standard Oil Co. of California, asserted that good 
external communication with its clientele is at the 
heart of effective service by a research laboratory. 
He agreed with the thinking of Dr. Wescott and Mr. 
Klipstein as regards a separate laboratory organiza- 
tion and its co-ordination through committees. At 
California Research, Inc., a conscious attempt is 
made to bring group leaders and even bench workers 
into study-group discussions, and also to permit them 
to see their ‘brain children’ put on the production 
line. A very specific tool of communication is ““The 
Director’s Mimeographed Weekly Bulletin’’, described 
by Dr. Helmut E. Landsberg, chief of the Climato- 
logical Services Division, U.S. Weather Bureau. It 
helps to bridge the gap resulting from bigness. 

The special problems of “Communication in 
Classified Research”, brought up again and again 
during the Conference, were given more extensive 
treatment by one in a position to know, Dr. Norris 
E. Bradbury, director of the Los Alamos Scientific 
Laboratory of the Atomic Energy Commission. The 
solution of internal communication problems, he 
said, is really a function of how the director and the 
people with whom he works feel toward one another. 
No tools or procedures can compare with ‘attitudes’ 
when it comes to communication. The ‘need to 
know’ is interpreted broadly within Los Alamos, and 
free discussion among staff develops bright ideas 
in the most unexpected places. In external com- 
munication, security restrictions cause difficulties 
that Dr. Bradbury does not know how to overcome. 
He believes there can be more common sense in the 
sharing of scientific information without endangering 
national security. 

The fourth symposium, on “‘Physical Facilities for 
Research’’, included contributions from Mr. Walter 
H. Verdier on the planning and construction of the 
new Applied Physics Laboratory of Johns Hopkins 
University ; from Mr. A. R. Johnson, of Arthur 
D. Little, Inc., on the building of adequate 
laboratory structures for less than 12 dollars per 
sq. ft.; from the architect, Mr. Ralph Walker, who 
spoke from wide experience on ‘‘Designing Buildings 
for Research” ; and from Dr. Clifford F. Rassweiller, 
vice-president for research and development, Johns 
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Manville Corporation, on “Building for Greater 
Research Productivity”. All agreed that the building 
is merely a tool for productive research. There were 
some differences of opinion about the size of the 
‘modular design’ and about how easily transferable 
the partitions should be. Dr. Rassweiller particulariy 
emphasized thinking in terms of things that will 
increase research productivity. We should not just 
ask “How much can we save in building ?’’, he 
declared, but “How can we build a facility that will 
give greatest returns on the dollars invested ?’’. 

The final symposium, on “‘Basic Research in an 
Applied Research Laboratory”’, elicited stimulating 
discussion to the very end of the Conference. ‘he 
chairman of the session, Mr. Earl P. Stevenson, 
president of Arthur D. Little, Inc., had served this 
year as general chairman of the Conference Advisory 
Committee. He strongly favoured the mixing of 
some basic research along with applied, and explained 
how his company established the ‘office of science 
director’ with no administrative responsibility but 
with a broad mandate for providing scientific leader. 
ship through the informal organization. Dr. Maurice 
Nelles, director of the Borg-Warner Central Research 
Laboratory, gave a concrete example of how basic 
results grew out of applied research on sheet metal 
work. ‘‘We used to be asked’’, he said, ‘‘what have 
you discovered that is new? Now we are asked, 
when will you complete that project ?”” This signifies, 
Dr. Nelles concluded, that science may have reached 
the end of progress by analysis and separation—that 
random hunting has passed its prime—and we must 
plan deliberate creation and synthesis. ‘“‘Cortisone 
A Product of Joint Academic and Industrial Basic 
Research”’ was the title of a vivid description by 
Dr. Randolph Major, vice-president of Merck 
and Co., Inc. Without close team-work between 
applied and basic approaches, the hormone syn- 
thesis which resulted in this drug could never have 
been possible. 

Dr. Ralph Bown, vice-president of the Bell Tele- 
phone Laboratories, suggested that ‘Research is 
simply an effort to understand more about things’’. 
The way for an applied laboratory to get a balance 
which includes some basic research is to employ 
people who are concerned in understanding the things 
which interest the company and then to keep them 
informed of those interests. Bell Laboratories, Dr. 
Bown said, relies less on committees and more on 
delegation and co-ordination through the line than 
seems to be true of some others. When a man has a 
bright idea, the general policy is that he should 
pursue it, if it is reasonably applicable to the com- 
pany’s work; as soon as it reaches the stage where 
it is not, he should publish interim results so that 
someone else can continue the research. 

Mr. Alex Stewart, director of research of the 
National Lead Co., spoke on ‘‘Gold is where you find 
It’’, in people as well as in minerals. His company 
sponsors exploratory and basic research in univer- 
sities and, when timely, transfers it to the company 
laboratory. Also, the National Lead Co. has the 
unique practice of making a research and develop- 
ment team actually demonstrate the salability of a 
proposed product before it is turned over to the 
Sales Department. 

At the dinner meeting, Major General William M. 
Creasy, of the Army Chemical Corps, spoke candidly 
of needs and proposals for strengthening the research 
and development work as well as general operations 
of his Corps. He is setting up an advisory committee 
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and has engaged a leading industrial scientist to 
direct all scientific operations. 
Attendance at the Conference was reported to be 

a litthke more than half from industry and the 
remainder divided equally between government and 
universities. The 1955 Conference will be held at 
Northwestern University, Evanston, Illinois. Dr. 
Thomas H. Vaughn, vice-president for research and 
development of the Colgate-Palmolive Company, is 
the new chairman of the Advisory Committee, and 
Dr. Maurice Nelles the new chairman of the Pro- 
gramme Committee. 

A. V. ASTIN 

Ivan Asay 


INDIAN ASSOCIATION FOR THE 
CULTIVATION OF SCIENCE 


REPORT FOR THE YEAR 1953-54 


TT HE annual report for 1953-54 of the Indian 
Association for the Cultivation of Science has 
recently been published in full*, and although 
reference has already been made in these columns to 
the Association’s activities during the year (Nature, 
September 11, p. 495) when the acting director, Prof. 
P. Ray, originally presented the report at the annual 
general meeting of the Association, held on July 30, 
a fuller résumé that is now possible, from the pub- 
lished report, is not without interest. Besides the 
usual appended financial statements and lists of books 
acquired during the year and serials received on an 
exchange basis, the account includes, among the 
departmental reports of research, departmental lists 
of papers published during the year. Details are 
given of the five-year plan of development covering 
the financial years 1954-59, which was prepared at 
the request of the Finance Committee and the 
Government of India and finally approved by the 
Council on March 29, 1954. The plan contemplates 
non-recurrent grants totalling Rs. 1,138,200 for 
equipment and Rs. 1,771,393 for land and buildings, 
of which two-thirds is to be provided by the Govern- 
ment of India and one-third by the Government of 
West Bengal. Recurrent grants, which are estimated 
to increase from Rs. 465,630 in 1954-55 to Rs. 777,415 
in 1958-59, and to total Rs. 3,237,592 in the quin- 
quennium, will be provided mainly by the Govern- 
ment of India as at present. The Plan does not 
involve the establishment of any new Department. 
In the Department of General Physics, X-Rays 
and Magnetism, investigations on the transport 
properties of matter have been started. Results 
obtained for the conductivity of argon—neon mixtures 
using Kannuluik’s thick-wire method agree with the 
12:6 power model of the intermolecular potential 
but not with the inverse power model. B. N. 
Srivastava has applied the theory of the thermo- 
dynamics of irreversible processes in investigating 
the thermal effusion of substances capable of existing 
in two isomeric forms. The unit-cell dimensions of 
fluoranthrene and phthalic acid have been determined 
from morphological and X-ray studies, and the 
dimensions of the intermicellar zones of some fibres 
have been obtained by incrustation of metals like 
gold and silver in the colloidal form in the fibre 
framework. The investigation of low-angle X-ray 


* Indian Association for the Cultivation of Science. Annual Report 
for 1953-54. Pp. 64. (From the Association, Jadavpur, Calcutta, 1954.) 
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scattering continued as well as X-ray studies of red- 
coloured silver glass and of the nature of adherent 
metal films of glass surfaces. Determinations of the 
magnetic anisotropy of paramagnetic crystals of the 
elements of the iron group continued, and a new, 
simple and efficient electrodynamic method of 
measuring magnetic fields, with an accuracy of about 
5 parts in 10,000, has been developed. Experimental 
and theoretical studies on the electrical, thermal and 
magnetic properties of graphite crystals also con- 
tinued. 

In the Department of Optics, the ultra-violet 
absorption spectra of phenetole, n-butyl benzoate, 
a-chloronaphthalene and a-bromonaphthalene have 
been determined in the liquid and solid states at 
low temperatures and also those of o-, m- and 
p-toluidine, while the Raman spectra of o- and 
p-chlorotoluene in the solid state at — 180° C. have 
been compared with those for the liquid state. 
Studies of the Raman spectra of 1: 2-dichloro- 
ethane and 1:1: 2-trichloroethane in the vapour 
state indicate a marked change in the ratio of the 
number of the two types of molecule with the 
change from liquid to vapour state, attributed to the 
influence of the strong inter-molecular field in the 
liquid state. The absorption of radio waves of 
frequencies in the range 250-920 Mc./s. in benzyl 
alcohol, benzyl chloride and benzylamine at different 
temperatures has also been studied, as well as the 
absorption of 3-3-cm. microwaves in chloroform and 
ethylene dichloride. The number of events in which 
a neutral particle in cosmic rays produced in a lead 
absorber either one charged meson or more neutral 
ones moving along different paths was determined. 

In the Department of Theoretical Physics the 
equivalence of the Born approximation to the 
covariant perturbation theory has been demon- 
strated by considering the scattering of fast electrons 
by the Coulomb field of the atomic nuclei, and the 
method of Brinkman and Kramers has been extended 
to the capture of the electron in arbitrary excited 
orbits. Theories of the nuclear shell structure model 
and Bohr’s liquid-drop model are being studied with 
the view of finding common ground for the two 
approaches. 

In the Department of Physical Chemistry, investi- 
gations on the chain transfer of vinyl acetate using 
hydrocarbons, alcohols, ketones and chlorinated 
solvents gave results in agreement with the a-hydro- 
gen theory. With acrylonitrile the results also agree 
with that theory except when halogenated solvents 
are used. A study of the kinetics and chain-transfer 
coefficients of vinyl and other monomers in the 
hydrogen peroxide-catalysed systems has led to a 
method for evaluating solvent transfer in the 
catalysed system. Work with nine azonitriles as 
initiators in the polymerization of vinyl monomers 
was completed, and work on the synthesis of hydro- 
peroxides and the X-ray-initiated polymerization of 
vinyl monomers commenced. Lauroyl, caprinyl and 
caproyl esters of methylethylcellulose have been. pre- 
pared. Seven osmometers have been constructed and 
calibrated for the determination of the molecular 
weight of co-polymers. Results obtained for the 
molecular weight distribution of polystyrene were in 
good agreement with the theoretical distribution 
equation of high polymers deduced by 8S. R. Palit 
and K. C. Majumdar. The solubility of anthracene 
and phenanthrene in the binary systems ethyl iodide 
or iodobenzene, cyclohexane or cyclohexene, has been 
determined. 
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Work in the Department of Organic Chemistry has 
been reoriented considerably. In the study of di- 
terpenoids a new general method has been developed 
by the synthesis of tricyclic C,-ketones. A new 
stereo-specific synthesis of dl-homocamphoric acid 
has been developed from camphononic acid and a 
similar synthesis of dl-homoapocamphoric acid com- 
pleted. Efforts are also being made to develop a 
stereospecific synthesis of a steroidal nucleus, and the 
technique using liquid ammonia for the preparation 
of intermediates has been improved. A synthesis of 
the dicarboxylic acid, C,,H,,0,, obtained by the 
degradation of picrotoxin, has been achieved, and 
the ultra-violet absorption spectra of benzo-«- and 
Y-pyrones correlated with the corresponding chromo- 
phoric structures. 

‘he Department of Inorganic Chemistry has been 
concerned chiefly with the chemistry of co-ordination 
complexes, especially the cis-trans isomerism of copper 
complexes, and with the use of organic reagents for 
inorganic analysis. A critical review is in progress 
of colorimetric methods for the determination of 
titanium, chromium, uranium and palladium, and a 
new method has been developed by the colorimetric 
determination of titanium with salicylhydroxamic 
acid, while salicylamidoxime has been used for the 
gravimetric determination of transitional elements, 
as well as for their separation and the colorimetric 
determination of uranium and iron. 


LAW OF RED SHIFTS AND THE 
DISTANCES OF NEBULA 


HE George Darwin Lecture of the Royal Astro- 
nomical Society was delivered by the late Dr. 
Edwin Hubble on May 8, 1953, in the Society’s 
rooms at Burlington House, London, the subject of 
the Lecture being the law of red shifts—the cor- 
relation between distances of nebule and displace- 
ments in their spectra*. Three phases in the history 
of the law of red shifts were discussed ; the first, the 
discovery phase, commenced with Slipher’s measure- 
ment in 1912 of the velocity of M 31, which he found 
to be —300 km./sec., and during the next ten years 
he contributed forty-two out of forty-six nebular 
velocities then available. The list was completely 
dominated by large positive velocities which ranged 
up to 1,800 km./sec. in the case of NGC 584. 
Attempts from 1916 onwards to derive the solar 
motion with respect to the nebule were frustrated 
by the positive signs indicating general recession, 
but improvements in the results followed Wirtz’s 
introduction of a constant K term in the equations. 
Although the improvement was not sufficient to 
render the results acceptable, it was seen that the 
next logical step would be to replace the constant K 
by rK, that is, by a term which varied with the 
distances of the individual nebule ; and during the 
early and middle twenties various solutions were 
made, measures of relative distances being based 
on apparent luminosities and apparent diameters. 
Failure was due, as appeared later, to the relatively 
short range covered by the radial velocities being 
insufficient to give reliable individual distances. 
The problem was finally solved when the brightest 
stars in late-type spirals and irregular nebule were 
established as suitable indicators of distance and 


* Published in Mon. Not, Roy. Astro. Soc., 113, 6 eee. and also, 
slightly condensed, in The Observatory, 73, No. 874 (1953). 


NATURE 





December 4, 1954 


VOL. 174 





were calibrated by Cepheids in a few of the nearest 
nebulez. Using the upper limits of brightness of these 
stars as a distance criterion and applying it to the 
nebulz with measured velocities, the law of velociiy- 

distance shifts, now known as the law of red shitts, 
emerged approximately in its present form. This law 
was established in 1928 out to about seven million 
light-years, as an approximate linear relation accord- 
ing to which velocities of recession increased at the 
rate of the order of 500 km./sec. per million parsecs of 
distance, or about 150 km./sec. per million light-years, 

The second phase, a Mt. Wilson project, lasted 
from 1928 to 1936, during which Humason assembled 
spectra of nebule and Hubble attempted to estimate 
their distances. For various reasons, attention was 
concentrated on clusters, and, when these could not 
be observed to advantage, spectra of field nebul:e, 
isolated or members of small groups, were assembled 
in large numbers ; these data provided an account 
of red shifts in the nearer, more conspicuous nebule 
of all kinds. The results of the second phase were 
as follows. The law of red shifts appeared to be 
linear, and the red shifts increased at the rate of 
about 160 km./sec. per million light-years. The solar 
motion was largely accounted for by galactic rotation, 
and the residual represented the peculiar motion of 
the stellar system and was small and uncertain, of 
the order of 100-150 km./sec.. towards galactic 
latitude + 30° approximately, and longitude in the 
quadrant 50°-140°. The law of red shifts did not 
operate within the Local Group; and, lastly, 
magnitude—velocity relations, fitted to data for 
clusters, resolved nebulz and field nebule, and dis- 
placed from one another by magnitude intervals 
indicating relative absolute luminosities, could be 
used to calibrate all the relations in terms of brightest 
stars. 

In the interim between the second and third 
phases, Mayall began assembling spectra with a very 
fine ultra-violet spectrograph on the 36-in. Crossley 
at Mt. Hamilton, and gave special attention to the 
later-type spirals and other systems of low surface 
brightness for which his reflector was as efficient as 
the larger telescopes on Mt. Wilson. His list now 
numbers about 280 nebular velocities and with 
Humason’s list, when the two are published, will 
total about 750 individual nebule. The data furnish 
most important information of every kind, and full 
discussion must await publication of the lists, though 
certain matters are divulged by Hubble; limits of 
space prevent anything more than reference to them 
in this article. 

The completion of the 200-in. reflector and its 
accessories initiated the third and current phase of 
the development, the programme of which has two 
parts, the first being the extension of the observed 
range. During the first season that a nebular spectro- 
graph could be used on the 200-in. (1950-51), 
Humason obtained spectra in three clusters which 
had been unsuccessfully tried with the 100-in. ; one 
of these, the Hydra cluster, had a velocity of 61,000 
km./sec. The 48-in. Schmidt reflector can be used to 
this limit, but beyond it clusters cannot be identified 
with certainty on the survey plates. Humason is 
confident, however, that velocities up to 75,000 
km./sec. at least can be recorded when clusters have 
been located, but such locations would depend on 
purely chance finds with the 100-in. and 200-in. 

The second part of the programme deals with the 
revision of the distance scale. A review of the unit 
of distance has been pending for more than twenty 
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globular clusters in M 31 were fainter with respect to 
the Cepheids than was the case in our own system. 
It is now known that the classical Cepheids in M 31 
are nearly 1-5 magnitudes brighter than was pre- 
viously supposed ; in consequence, current estimates 
of absolute distances must be nearly doubled, and 
the so-called ‘age of the universe’ must be increased 
on the same scale. Among other steps in the pro- 
gramme are included the setting up of faint-mag- 
nitude sequences in Selected Areas, the measurement 
of nebular magnitudes, corrections for effects of red 
shift on apparent magnitudes, and the examination 
of the possibility of errors arising from inter-nebular 
obscuration and systematic evolution changes in 
luminosities during the travel time of the light from 
the nebule. Each of these is considered in logical 
order in the later part of the Lecture, which ends 
with a warning that ‘‘we are already in the region of 
diminishing returns’’—in other words, instruments 
will be increasingly expensive and progress in- 
creasingly slow. So far as the immediate future is 
concerned, the most promising programmes accept 
the observable regions as now defined, and, while 
hoping for only modest extensions in space, con- 
centrate on increased precision and reliability in the 
recorded description. “The r reconnaissance is being 
followed by an accurate survey; the explorations 
are pushed towards the next decimal place instead 
of the next cipher.’”’ The Lecture ends with an 
optimistic outlook : ‘‘From our home on the Earth, 
we look out into the distance and strive to imagine 
the sort of world into which we are born. Today 
we have reached far out into space. Our immediate 
neighbourhood we know rather intimately. But with 
increasing distance our knowledge fades, and fades 
rapidly, until at the last dim horizon we search among 
ghostly errors of observations for landmarks that are 
scarcely more substantial. The search will continue. 
The urge is older than history. It is not satisfied 
and it will not be suppressed’’. 


ABSORPTION OF IONS BY 
PLANTS 


By D. REICHENBERG 


Chemical Research Laboratory, Teddington 


and J. F. SUTCLIFFE 


Botany Department, King’s College, London 


T has been shown! that in water culture some 

plants may absorb both cations and anions at a 
rate which is independent over a wide range of the 
total concentration in the culture medium, provided 
their relative concentrations in the medium are kept 
fixed. Such results may be explained on the basis 
that the rate of absorption is limited either by the 
number of suitable ‘carrier’ molecules or by the 
amount of energy available from respiration?. How- 
ever, recent work has shown that ion exchange 
processes may follow a closely similar pattern. The 
rate of exchange of sodium for hydrogen on both 
strong-* and weak-acid‘ cation exchange resins has 
been shown to be independent of the sodium ion 
concentration in solution over a wide range. In this 
range, the rate-controlling process has been shown to 
be the diffusion of ions through the resin material, 
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the constancy of rate being due to the fact that the 
boundary concentrations are independent of those in 
solution. It appears, therefore, that a simple 
alternative hypothesis for the uptake of ions by 
plants may be postulated on the basis of ion exchange. 

The assumption must be made that there is 
present in plant cells a membrane (or membranes) 
containing both anion- and cation-exchange mater- 
ials across which the movement of ions occurs. 
However, it is not necessary to postulate two 
entirely homofunctional substances, one completely 
acidic and the other completely basic; only that 
one is predominantly acidic and the other pre- 
dominantly basic. The two might even be part 
of the same protein molecule provided the acidic 
and basic units were sufficiently segregated. The 
properties of such ‘mosaic membranes’ have been 
studied, both theoretically and experimentally, by 
Sollner®»*. To cause ion exchange to proceed it is 
necessary for the plant to provide on the inside of 
the membrane a continual supply of an appropriate 
electrolyte such as carbonic acid or some other weak 
organic acid. The cations would then be exchanged 
for hydrogen ions on the cation exchange material, and 
the anions likewise for bicarbonate (or other anion) 
on the anion exchanger. Thus the hydrogen ions and 
anions would diffuse separately through the cation 
and anion exchange materials respectively and re- 
combine in the culture medium, while other ions 
from the medium would move in the opposite direc- 
tion. It is known that hydrogen ions, bicarbonate 
and other anions are, in fact, yielded by plants to 
the external solution. 

The energetics of transport by ion exchange 
diffusion are particularly simple and account readily 
for the fact that ions may be absorbed against a 
concentration gradient. Consider a cation exchange 
membrane separating infinite volumes of solutions 1 
and 2, in which the activities of sodium and hydrogen 
ions are, respectively, [ana],, [@H]1, [@Nal2, [@H]e- 
1 represents the culture medium and 2 the solution 
on the inside of the plant membrane. Sodium will 
diffuse through the membrane from solution 1 to 
solution 2 provided that the concentration of sodium 
ions in the membrane is greater on the side nearer 
solution 1. Since the uptake of sodium ions by 
cation exchange materials of both the strong- and 
weak-acid type has been shown to depend on the 
ratio ana/ayq (if hydrogen is the competing ion), 
transport of sodium ions from solution 1 to solution 2 
will occur if : 


[ana], [ana]: 








(aH): [an]e (1) 
that is, if 

[an ]2 [ana]e 

Tah > [axal; ) 


Now consider the energetics of the process. Let 
[ana], be less than [aya].. This means that sodium 
ions must be transported against a concentration 
gradient. For this an expenditure of free energy 


RT In a However, 


Na] 
al per gm. ion is required. 
vai 


hydrogen ions will diffuse in the opposite direction 
assisted by their own concentration gradient which 


(aH]2 


[an]; 


provides an amount of free energy RT In per 
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gm. ion. This will be sufficient to drive the sodium 
ions across provided 


RT In (anal > 0 


RT In 2H): 
] [ana]; 


fan) 


which reduces to the inequality (expression (2) ) above. 
It is therefore necessary for the hydrogen ion con- 
centration inside the membrane to be raised through 
metabolism to a value satisfying the conditions of 
expression (2) if the absorption of sodium against a 
concentration gradient is to occur. In a similar 
manner the absorption of anions requires a suitably 
high concentration within the plant of carbonate or 
bicarbonate ions or anions of an organic acid. 

In the respect that it depends upon metabolically 
maintained gradients of exchangeable ions this 
hypothesis resembles those of Brooks’, and Oster- 
hout’, which were criticized by Hoagland’, on the 
grounds that the necessary gradients either do not 
always exist or bear no direct relationship to the 
rate of ion absorption. A critical point in this con- 
nexion appears to be the precise location of the 
effective membrane in a vacuolated cell, whether it 
is to be represented by the whole protoplast or by 
the outer or inner surface membrane. Clearly, if the 
whole protoplast is involved the ion exchange 
mechanism cannot operate unless gradients exist for 
hydrogen ions and suitable anions between the 
external medium and vacuolar sap. Hoagland 
claimed that ions may be absorbed when these con- 
ditions do not apply, and therefore rejected the 
exchange hypotheses. 

On the other hand, if the outer cytoplasmic 
surface acts as the membrane, it is evident that 
respiratory processes in the protoplasm may create 
the necessary gradients and accumulation of ions in 
this region be brought about. With meristematic 
cells in which there are no obvious vacuoles this 
mechanism is sufficient to account for absorption. It 
has generally been supposed that ions move passively 
into the protoplasm of plant cells?»!°1", but clearly 
the presence of metabolic products in the form 
of charged particles is an essential pre-requisite, 
since diffusion alone is insufficient and adsorption- 
exchange reactions are obviously involved. Frey- 
Wyssling!* has suggested a structure for the surface 
membrane of a protoplast which is not inconsistent 
with its possession of ion exchange properties. 

With mature cells, however, ions accumulate in 
the free state within the vacuoles, and in so doing an 
additional barrier, the tonoplast, is encountered. 
Since metabolic reactions are on the whole occurring 
outside this membrane it seems unlikely that the 
necessary gradients for hydrogen ions and anions 
will exist to account for movement from the proto- 
plasm. It is probable, therefore, that in this case 
a mechanism other than ion exchange is responsible 
for transport. A discussion of the possibilities in this 
connexion is outside the scope of the present com- 
munication ; but a mechanism based on the ideas of 
Goldacre“ or Conway would appear to be adequate. 
In support of the hypothesis that the movement of 
ions across the plasmalemma and tonoplast are 
accomplished by fundamentally different processes, 
Arisz!* has shown that whereas chloride transport 
into the protoplasm of Vallisneria leaves is inhibited 
by cyanide it is unaffected by dinitrophenol at a low 
concentration which prevents vacuolar accumulation. 
Moreover, Steward!” has claimed that the mechan- 
ism of absorption of ions by meristematic tissue- 
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culture cells is not identical with that of cells in the 
vacuolated condition, and this may be interpreted as 
above. 

If two distinct mechanisms are involved in the 
transport of ions from an external medium into the 
vacuoles of individual cells or the stele of the root, 
then either may be the limiting factor according to 
the particular environmental or experimental con. 
ditions involved. The work with resins suggests that 
contrary to general opinion the rate of ion exchange 
in a preliminary phase may control the rate of 
absorption of mineral salts by the plant as a’ whole, 
Recently Epstein'® has advanced the view that 
active transport of both anions and cations requires 
their combination with protoplasmic constituents, a 
view consistent with our own. 

One of us (D. R.) wishes to thank the Director 
of the Chemical Research Laboratory for permission 
to publish this communication. 


3 aay C.R. Lab. Carlsberg, Ser. Chim., 27, 291 (1950); 28, 477 
VOD). 

* Sutcliffe, J. F., Soc. Exp. Biol. Symposia, 8 (1953) (in the press). 

* Reichenberg, D., J. Amer. Chem. Soc., 75, 589 (1953). 

* Conway, D. E., Green, J. H. 8., and Reichenberg, D., Trans. Farad. 
Soc., 50, 511 (1954). 

5 Sollner, K., Biochem. Z., 244, 370 (1932). 

* Neihof, R., and Solper, K., J. Phys. Coll. Chem., 54, 157 (1950). 

’ Brooks, S. C., Trans. Farad. Soc., 38, 1002 (1937). 

* Osterhout, W. J. V., Bot. Rev., 13, 194 (1947). 

* Hoagland, D. R., Cold Spring Harbor Symposia Quant. Biol., 
8, 181 (1940). 

Butler, G. W., Physiol. Plantarum, 6, 617 (1953). 

™ Hope, A. B., Australian J. Biol. Sci., 6, 396 (1953). 

 Vervelde, G. J., Plant and Soil, 4, 309 (1953). 

8 Frey-Wyssling, A., ““Submicroscopic Morphology of Protoplasm and 
its Derivatives”, 127-130 (2nd edit., Elsevier, 1948). 

 Goldacre, R. J., Int. Rev. Cytol., 1, 135 (1952). 

1® Conway, E. J., Int. Rev. Cytol., 2, 419 (1953). 

% Arisz, W. H., Acta Bot. Néerl., 1, 506 (1953). 

1? Steward, F. C., Soc. Exp. Biol. Symposia, 8 (1953) (in the press). 

8 Epstein, E., Nature, 174, 83 (1953). 


FINDING THE DIRECTION OF 
TRAVEL OF SEA WAVES 


By N. F. BARBER 


Geophysics Division, Department of Scientific and 
Industrial Research, Wellington, New Zealand 


O describe the nature of wind waves, or to 

locate a storm by observations of swell, it] is 
necessary to be able to distinguish waves by their 
direction of travel. The study of period? is insufficient 
by itself. 

Some preliminary experiments have been made in 
the Waitemata Harbour, Auckland, measuring wave 
direction by the correlogram. The photographs of 
Fig. 1 show statistical relations between wind waves 
of period near 2 sec. at points separated by distances 
of 2, 9, 18 and 27 ft. along a fixed line. From them 
may be obtained the curve of Fig. 2, showing how 
the energy is distributed among the various directions 
of travel. The wind was about 15 knots and 2-sec. 
waves were dominant; but because the fetch in the 
wind direction was much greater than elsewhere, it 
is not expected that the curve of Fig. 2 will apply 
to open water. 

The elevation in a sinusoidal wave train may be 
written : 


elevation = real part of aexp i(lx + my — ot), 
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Fig. 1. Photographs showing the statistical phase relations between waves at points 
separated by 2, 9, 18 and 27 ft. along a fixed line. 
period near 2 sec. 
where a is the amplitude, o the frequency, and l, m 
are wave numbers in rectangular directions x, y. 
Khintchine’s theorem? relating the energy spectrum 
E(l, m) of a more complicated wave system with its 
iutocorrelogram R(x, y) then becomes? : 
te +e ° 
R(x, y) = | { E(l, m) exp i(lx + my)dldm. (1) 
—-D D 
In progressive incoherent waves, R(a, b) is obtain- 
able as the covariance of complex wave elevations at 
3 two fixed points separated by distances a, b, the 
” average being taken over a long time. 
‘ It was desired to restrict the wave measurements 
to discrete points upon a line taken as the z-axis. 
. Such results can give E so long as attention is 
restricted to waves very near some frequency o, with 
e . 
f corresponding wave-length 2x/k,. It then appears, 
] . . . . 
to a sufficient approximation, that equation (1) 
inverts to a Fourier series : 
" em 
: E(ky, 9) = E, sin 0[4 + Z& Cn cos (nlID — Yn)], (2) 
2 n=1 
5 
2 where 9 is cos-! l/ky, the direction of wave progress 
t relative to the line of recorders, E(k,, 0)80 is the 


energy of waves with number fk, and directions 
between 6 and 6 + 80, and Cp, Yn are the modulus 
> and phase of the complex correlation coefficient 
between wave elevations at points separated by a 
distance nD. The distance D should not exceed 
The expression is valid 


t/k, or half a wave-length. 
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so long as no waves have di- 
rections outside the range 0°—180°. 
The factor sin § is an approx- 
imation the error of which causes 
an under-estimate of the wave 
energy in directions near 0° and 
180°. 

In the experiment, each de- 
tector was a pair of parallel 
vertical copper strips, partly im- 
mersed in the sea and fed with 
2 volts (mains frequency) from a 
transformer. The current that 
passed was proportional to the 
depth of immersion, varying with 
the waves, and a corresponding 
voltage signal was conveyed to the 
analyser. Two such instruments 
were hung from a pile wharf at 
separations of 2, 9, 18 and 27 ft. 
in succession. 

A pendulum of period near 
2 sec. was used to select a narrow 
frequency-band and to produce 
the pictures in Fig. 1. Its free 
motions in all azimuths had equal 
period and damping, and it was 
electrically driven through ampli- 
fiers fed with the wave signals. 
The motion of the pendulum was 
recorded optically as a spot of 
light moving over a photographic 
. plate, an exposure of 15 min. being 
required for each of the pictures 
in Fig. 1. 

The electrical arrangements 
were such that a coherent signal 
P cos oot from one instrument would give the pendu- 
lum a circular motion in the positive sense, that 
is, P exp io,t if the picture is thought of as an 
Argand diagram. From the other instrument, that 
at the smaller z-value, a signal Q cos o,f would 
give a motion in the opposite sense, or Q* exp — Zoot. 
In natural incoherent waves the amplitudes P and 
Q are complex quantities changing slowly and ran- 
domly in magnitude and phase, and have equal 
variance. The modulus C and the phase y of their 
complex correlation coefficient may be deduced from 
the elliptic form of the photographic record : 


C = (A* — B»)/(A* + B), 


E(ko,8) arbitrary units 











180° 150 120 90° 60 30 0° 
Direction of travel (6) 
Fig. 2. Distribution of wave-energy with respect to direction of 


travel relative to the line of instruments. The curve is deduced 
from the records in Fig. 1 
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where A, B are the principal diameters and 4) = 
azimuthal angle of the major axis. To make its form 
more obvious, each record was taken on an emulsion 
having a high contrast. 

The E(k, 8) curve in Fig. 2 was computed from 
the last three photographs in Fig. 1. It shows that 
the highest waves are travelling in the direction 
120° to the positive sense of the line joining the 
instruments. This was, in fact, the direction of the 
wind at the time of the measurements, so the method 
has given reasonable results. 

An improved apparatus is being built for further 
work. With some changes in experimental detail 
the method appears suitable for a shore-based 
observatory studying ocean waves. It appears 
preferable to the better-known ‘phase’ method in 
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which detectors are combined into a directioiial 
array. One advantage is that equal resolving power 
is obtained with fewer underwater instruments. 

It is worth noting that no account need be taken 
of wave refraction at a coast, so long as its under. 
water contours are straight and parallel to the line 
of instruments. The deep-water directions may be 
inferred without reference to the tidal changes of 
depth or stream. Further, Longuet-Higgins has 
shown (personal communication) that only a few 
terms in (2) are needed to resolve swells the directions 
of which are well defined. [July 23. 
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SIMULTANEOUS DETERMINATION OF SODIUM, POTASSIUM, 
CALCIUM, MAGNESIUM AND STRONTIUM BY A NEW 
MULTICHANNEL FLAME-SPECTROMETER 


By Dr. BERT L. VALLEE 


Biophysics Research Laboratory of the Department of Medicine, Peter Bent Brigham Hospital and Harvard 
Medical School, Boston, Massachusetts 


ODIUM, potassium, calcium, magnesium and 
strontium have been found universally associated 
with living matter. The osmotic effect of these 
elements, their interaction in enzyme-substrate 
reactions, their participation in intra- and extra- 
cellular processes and their formation of salts and 
chelate complexes with biological substances have 
been studied intensively. The development of flame- 
photometry for the analytical assessment of these 
elements has been decisive in accelerating the under- 
standing of their biological function. 
We have recently completed the 
design and construction of a direct- 


read from 0 to 200 uamp., serve at present as recorders 
for each channel. Control for null and sensitivity 
adjustments is provided for. 

Calibration curves obtained for all five elements 
are linear over a range of 1-1,000 times the initial 
concentration, and 1—3 per cent precision is achieved 
(Fig. 1). The present limits of sensitivity are as 
follows: sodium, 0-01 p.p.m. ; calcium, 0°1 p.p.m. ; 
potassium, 0-2 p.p.m.; magnesium, 0-3 p.p.m. ; 
strontium, 0-1 p.p.m. No internal standard is 
employed. 





100,000 —— 
reading multi-channel flame-spectro- : 
meter for the simultaneous analysis of 
sodium, potassium, calcium, mag- 
nesium and strontium. The design 
allows of the addition of recording 
equipment to determine additional 
elements'. The instrument, as at 
present constituted, combines an oxy- 
hydrogen burner (Beckman No. 4020) 
with a Wadsworth stigmatic mounting 
grating spectrograph (Jarrell-Ash Co.). 
The grating has an effective surface of 
34 in. x 14 in., 15,000 grooves to the 
inch, a radius of curvature of 1-5 m. 
and a reciprocal linear dispersion of 
10-8 A./mm. in the first order. Five 
photomultiplier tubes provided with 
power supplies for low and high volt- 
age and d.c. amplifiers are placed at 
the focal plane of the grating. 1P28 
photomultiplier tubes (Radio Corpora- 
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line at 3838-258 A., the CaO band- 

head at 5495A., the Na line at a 
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The entrance and exit slits are 0-4 mm. Fig. 1. Calibration curves for calcium, sodium, potassium and magnesium. 
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5 id Internal standardization and dilu- 
tion of samples have been recom- 
mended and used empirically and 
remedially ‘with limited success. The 
removal of interfering ions from com- 
plex substances of unknown com- 
position has been recommended as the 
only means of obtaining accurate 
results®. 

Our investigations indicate that the 
effect of these cations upon one an- 
other can .be attributed to the super- 
position of their monochromatic emis- 
sion upon heterochromatic background 
radiation. The background increases 
in direct proportion to the concentra- 
tion of each radiating species. Fig. 2 
shows the response of the calcium 
receiver, at 5495 A., to increasing con- 
centrations of calcium, sodium, potas- 
sium and magnesium. Sodium, potas- 
sium and magnesium contribute 
heterochromatic background radiation 
to the calcium receiver. The absolute 
quantity of background differs for 
sodium, potassium and magnesium, 
but the slopes of their contributions 
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Fig. 2. 
all measured with photomultipliers at 5498 A. 


Many observers have noted the effect of variable 
quantities of one or several of these elements upon 
the measurable light intensity elicited from another. 
This phenomenon, referred to as ‘interference’, covers 
various effects of extraneous, dissolved materials on 
the monochromatic radiation attributable to the test 
substance. This ‘interference’ has been variously 
attributed to alterations in ‘‘the rate of fluid aspiration 
into the burner’, preferential excitation of an ‘inter- 
fering’ element in the flame, the ‘trate of propagation 
of the flame’’*, “‘photochemical effects’’*, the inade- 
quate resolution of monochromatic light ‘“‘or other 
defects in the optical system’’*. 
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WAVELENGTH IN ANGSTROMS 
Fig. 3. Left: a solution containing calcium, in the concentrations 


indicated in the graph, was used. Right: similar measurements 
of calcium, carried out in the presence of an excess of sodium, 
potassium and magnesium 


Rising concentrations of calcium, sodium, potassium and magnesium. 


are identical and additive. 

In a corroborative experiment the 
photomultiplier tube was moved step- 
wise from background radiation at 
5361 A. to background radiation at 
5635 A. across the CaO bandhead at 5495 A. Results 
for 1 and 10 p.p.m. of calcium alone and in the pres- 
ence of large excesses of sodium, potassium and mag- 
nesium are shown in Fig. 3. Emission, as shown by the 
right-hand curves, is raised above that shown by the 
left-hand curves due to background, attributable to 
the extraneous cations. Subtraction of the mean 
background from the right-hand curves yields 
intensity values identical with those for calcium 
alone, as in the left-hand curves. The relationship 
holds true with 5 p.p.m. of calcium in the 
presence of as much as 1,000 p.p.m. of sodium or 
potassium. The contribution of the background can 
be corrected for readily, and thus more accurate and 
precise flame spectrometry becomes possible. 

Similar results were obtained when other per- 
mutations of these ions were studied. These results, 
under the conditions employed in our experiments, 
give no support to the hypothesis that ‘interference’ 
between calcium, sodium, potassium and magnesium 
in the source is caused by their energy relationships. 
Rather, they suggest that heterochromatic back- 
ground radiation contributes to the observed 
analytical errors. The instrument here described 
should greatly facilitate the study of physiological 
relationships of these and other cations. 

The design and construction of the instrument were 
supported by a grant from the C. F. Kettering 
Foundation, Dayton, Ohio, and the experimental 
work by a grant from the Office of Naval Research 
to Harvard University, Contract No. N5 ori—07660. 
[June 23. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Infection of Chickens and Chick Embryos 
with the Viruses of Foot-and-mouth 
Disease and of Vesicular Stomatitis 


Ir has been generally believed that domestic or 
wild birds are resistant to infection with the virus of 
foot-and-mouth disease. Previous studies had been 
largely limited to experiments in mature birds which 
were observed mainly for epithelial lesions. Considera- 
tion was given, therefore, to the possibility that this 
virus might infect young chicks, with the involve- 
ment of cardiac and skeletal muscle as is observed 
in infection of the young of many other species. 

In the first experiment (April 1953) chicks a few 
hours after hatching were inoculated intramuscularly 
with 10° ID,, of the 85th mouse passage of the cattle 
strain M 11 (Vallée O type). Pools of the inoculated 
muscles and of the hearts of chicks killed four days 
later each had a titre of 10-* in mice one week old. 
The reacting mice were used as a source of virus 
for the inoculation of a further group of newly hatched 
chicks, and during a series of twelve alternate 
passages in chicks and mice carried out in this manner 
no difficulty was experienced in recovering the virus 
from the blood of the chicks over the period 
three to five days after inoculation. 

Other chick tissues were tested at the same time, 
and consistently the highest titre (>- 10-5) was obtained 
with the tongue, on which macroscopic lesions were 
observed after the eighth alternate passage. Reverting 
to the original cattle strain, it was found that when 
10° ID,;, or more for mice were inoculated intra- 
muscularly into newly hatched chicks, well-defined 
tongue lesions developed one to two days later. These 
lesions often involved the whole of the epithelium 
of the dorsum and appeared to be similar to the 
tongue lesions seen in other susceptible species. This 
was confirmed by histological examinations made by 
my colleague Dr. H. Platt. After direct inoculation 
of the tongue epithelium of older birds, local lesions 
developed and six serial passages of the cattle 
strain were made in this way in birds two to four 
months old. 

Following intramuscular inoculation of large doses 
of another cattle strain (VEN 1 Vallée O type) and 
of three stock guinea pig strains of O, A and C types 
into newly hatched chicks, tongue lesions again 
developed and the guinea pig strains were passaged 
four to six times by intradermal inoculation of the 
tongue of older birds. With two of these strains, 
small areas of separation of the deeper epithelial 
layers developed near the points of pressure on the 
under surface of the feet of newly hatched chicks 
inoculated intramuscularly, and following direct 
inoculation of the area adjacent to the central pad 
of the foot slight local lesions were followed by severe 
secondary lesions on the tongue. 

In chickens of all ages there was no severe systemic 
disturbance in the course of the infection. The 


epithelium from freshly developed tongue lesions 
usually had a titre of 10-* or more in mice one week 
old. Even if the lesion was extensive, the affected 
epithelium was usually completely exfoliated in one 
or two days and the tongue left without blemish. 
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Material infecting chicks at the ninth of the 
alternate mouse — chick passages referred to above 
was inoculated intravenously into 14-day chick 
embryos and, after a single alternate passage in mice, 
serial passaging in 14-day chick embryos was con- 
tinued by this route. In chick embryos of this age 
the myocardium appeared to be the main site of 
multiplication of the virus, and during the earlier 
passages the highest infectivity was reached after 
incubation of the inoculated eggs for five to six days 
at 35°C. At higher temperatures the susceptibility 
of the embryos to infection was reduced. After the 
eighth serial passage, infection was usually indicated 
by the death of the embryo three to six days after 
inoculation or by marked macroscopic lesions in the 
cardiac muscle of embryos killed during this period. 
The heart tissue and the pericardial effusion from 
such embryos usually had a titre of at least 10-¢ 
in mice one week old, and 10? ID,, for mice was 
usually sufficient to infect 14-day embryos by the 
intravenous route, whereas embryos seven days old 
survived inoculation of 10 IJD;, by the chorio- 
allantoic method and newly hatched chicks did not 
develop macroscopic heart or tongue lesions after the 
inoculation of larger doses by the intramuscular 
route. Chick embryo passaged strains with sim- 
ilar properties were later initiated with virus from 
the 24th and the 110th mouse passages of this 
cattle strain (M 11) without the intermediate use of 
chicks. 

In attempts to initiate a chick embryo strain 
direct from the M 11 cattle strain using the intra- 
venous route, recovery of the virus from embryos 
inoculated when eleven and fourteen days old was 
not achieved. The tongue tissue of embryos inoculated 
when seventeen to eighteen days old was found to 
be infective on the second and third day after 
inoculation, but passaging was not attempted. With 
the one other cattle strain (VEN 1) tested directly 
on chick embryos, severe macroscopic lesions in the 
myocardium were seen at the first passage five days 
after inoculation of 14-day embryos. Serial passaging 
in these embryos was continued without difficulty. 
Identical results were obtained with the same cattle 
strain after it had received twenty-nine culture 
passages in cattle tongue epithelium. 

Other workers attempting to propagate the virus 
of foot-and-mouth disease in the embryonated hen 
egg have usually adopted the chorio-allantoic method 
of inoculation, and success has been achieved in only 
a few instances. The use of the intravenous route of 
inoculation, which brings the virus into immediate 
contact with the body tissues of the embryo, and the 
subsequent incubation at 35°C. for at least three 
days, may have been factors which contributed to 
success in the present experiments. 

The virus of vesicular stomatitis can be propagated 
readily in chick embryos seven to ten days old. Only 
unsuccessful attempts to infect chickens have been 
recorded. However, in earlier work (unpublished 
observations, 1948) I had found that this virus could 
be passaged in chicks up to three weeks old by the 
intracerebral route. The tongue and feet were not 
then examined for lesions. A repetition of the methods 
used for infecting chickens with the virus of foot-and- 
mouth disease showed that adult and young birds 
were highly susceptible to infection with the virus 
of vesicular stomatitis when this was inoculated 
intradermally into the tongue. Virus strains of 
Indiana or New Jersey type previously passaged 
intradermally in guinea pigs or intracerebrally in 
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' mice were tested, and very severe local lesions 
) developed within twenty-four hours. Guinea pigs or 


mice receiving the same inoculum by the most 
sensitive method in each case took 6-24 hr. longer to 
show signs of infection. The course of the infection 
was very similar to that seen in the case of foot-and- 
mouth disease. The vesicular epithelium of fresh 
tongue lesions was again highly infective. Two ducks 
also have been inoculated on the tongue with this 
virus, and local lesions developed in both. 
In all these experiments the specificity of the in- 
fective agent has been checked. 
H. H. SKINNER 
Research Institute (Animal Virus Diseases), 
Pirbright, Surrey. 
Oct. 21. 


Enhancement of Insulin Action by Pituitary 
Growth Hormone 

THE injection of purified preparations of pituitary 

growth hormone into normal’, adrenalectomized! and 


E| eviscerated-hypophysectomized? rats results in a fall 
| of blood sugar-level. 


The in vitro addition of pituitary 
growth hormone can, under certain conditions, in- 
crease the glucose uptake of the isolated diaphragm 
from normal® and hypophysectomized? rats, but can- 
not increase the glucose uptake of the isolated dia- 
phragm from alloxan-diabetic rats*. This insulin-like 
action of growth hormone?*»* may result from a direct 
action of the hormone, or from an enhancement by 
growth hormone of the usual action of insulin, or 
from an activation by growth hormone of insulin 
trapped in the diaphragm in an inactive form 
(Ottaway*). Dependence of the insulin-like action 
of growth hormone on the presence of insulin is 
strongly suggested by the failure of growth hormone 
to lower the blood sugar-level of alloxan-diabetic rats! 
or to increase in vitro the glucose uptake of the 
diaphragm from alloxan-diabetic rats unless the 
diabetic rat has received an injection of insulin before 
removal of the diaphragm’. 

The possible dependence of the insulin-like action 
of growth hormone on the presence of insulin has 
been investigated by studying the influence of low 
concentrations of insulin and growth hormone upon 
the glucose uptake of the isolated normal rat dia- 
phragm, surviving in vitro. The growth hormone 
was prepared from ox pituitary glands by a modifica- 
tion of the method of Wilhelmi et al.‘. Solutions of 
growth hormone of the required concentration were 
prepared by dissolving the hormone in the Gey’s 
buffer’ used for the incubation. Crystalline insulin 
(Boots, 23 units/mgm.) was dissolved in N/300 hydro- 
chloric acid to make a stock solution containing 
20 units/ml., and the solutions used for incubation 
were prepared by serial dilution with Gey’s buffer. 
The experimental procedure was as follows. 

The hemi-diaphragms of normal male albino 
Wistar rats of 100-150 gm. were used. The animals 
were fasted for 20 hr., killed by decapitation and the 
diaphragms rapidly removed, divided and washed 
for exactly five minutes at room temperature in Gey’s 
buffer (containing glucose, concentration 2-5 mgm. 
per ml.) previously gassed with 93 per cent oxygen, 
7 per cent carbon dioxide. The hemi-diaphragms 


were then lightly blotted and transferred to Warburg 
manometer cups containing 1 ml. 
fluid ; 


of incubation 
the flasks were attached to manometers and 
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Table 1. INFLUENCE OF DIFFERENT CONCENTRATIONS OF PITUITARY 
GROWTH HORMONE, ADDED in vitro, UPON THE GLUCOSE UPTAKE OF 
THE ISOLATED RAT DIAPHRAGM 

Conc. of Glucose utilization, | | 
growth hor- | mgm. glucose per gm. No. of 
mone added of wet diaphragm hemi- Comment 
in vitro per hr. diaphragms | 
(ugm. per ml.)| (Mean + 8.E. of mean)| 
None 2-25 + 0-14 | 8 | No signifi- 
0-1 2-46 + 0°24 8 | cant dif- 
10 2-24 + 0-21 | 8 | ference 
10:0 2°27 + 0°22 | 8 between 
50-0 | 2°34 + 0°25 | 8 any of 
100-0 | 2-58 + 0-24 | 8 | these means 
! | 














Table 2. INFLUENCE OF PITUITARY GROWTH HORMONE AND INSULIN, 
ADDED SEPARATELY AND TOGETHER, in vitro, UPON THE GLUCOSE 
UPTAKE OF THE ISOLATED RAT DIAPHRAGM 




















\ 
Glucose utiliza- 
tion, mgm. glu- No. of 
cose per gm. of hemi- 
Incubation medium | wet diaphragm dia- Comment 
per hr. (Mean | phragms 
+ S.E. of mean) 
Buffer (a) 2-32 + 0-08 23 t fer a versus b | 
is 11-6 
Buffer + growth P < 0-001 
gpm (cone. | 2°30 + 0:06 23 
0-1 wgm. per ml.) 
Buffer + insulin (b) 3:27 + 0°10 23 t for a versus c 
(conc. 2 x 107% is 12-7 
unit per ml.) P < 0-001 
Buffer + insulin + | (c) 3°80 + 0-08 23 t for b versus c 
growth hormone is 4-27 } 
| in above conc. P < 0-001 | 








incubated for three hours at 37° C. with a shake- 
rate of 100 cycles per min. The glucose concentration 
in all cases was 2-5 mgm./ml. and the gas phase 
during incubation was 93 per cent oxygen, 7 per cent 
carbon dioxide. Aé the end of incubation the hemi- 
diaphragms were blotted and weighed on a torsion 
balance and the residual glucose determined on 
0-2-ml. samples of incubation fluid by the colori- 
metric method of Somogyi®. The glucose uptake was 
calculated as mgm. glucose disappearing from the 
medium per gm. of wet diaphragm per hr. of incuba- 
tion. 

Under these experimental conditions, the in vitro 
addition to the fluid in which the isolated diaphragm 
was suspended of growth hormone alone had no 
influence upon the glucose uptake of the diaphragm 
at any concentration of growth hormone tested 
(Tables 1 and 2). The presence of low concentrations 
of both growth hormone and insulin resulted in 
significantly greater uptake of glucose by the dia- 
phragm than was produced by insulin alone (Table 2). 

These results confirm the earlier observation of 
Park et al.* that growth hormone itself has no influence 
upon the in vitro glucose uptake of normal rat 
diaphragm; it has not been possible to confirm, 
under these conditions, the observations of Ottaway® 
and of Bulbrook and Ottaway’ that growth hormone 
can increase or decrease the in vitro glucose uptake 
of normal rat diaphragm, depending upon the con- 
centration of growth hormone used. Nevertheless, 
these results show that the addition of growth 
hormone in vitro can increase the glucose uptake of 
normal rat diaphragm by enhancing the action of 
insulin also added in vitro. 

Young® has recently commented that the enhanced 
rate of entry of glucose into the cell, which insulin 
can promote’, may provide the additional energy 
needed for the cellular enlargement or mitosis which 
occurs under the influence of growth hormone. The 
results reported here suggest that one action of 
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growth hormone may be to accentuate the action 
of insulin in promoting the entry of glucose into the 
cell. 

I wish to thank the Medical Research Council for 
personal and expenses grants in aid of this investiga- 
tion. 

P. J. RANDLE 

Department of Biochemistry 

and Addenbrooke’s Hospital, 

University of Cambridge. 
Aug. 30. 


* Milman, A. E., and Russell, J. A., Endocrin., 47, 114 (1950). 

* Park, C. R., Brown, D. H., Cornblath, M., Daughaday, W. H., and 
Krahl, M. E., J. Biol. Chem., 197, 151 (1952). 

* Ottaway, J. H., Brit. Med. J., ii, 357 (1953). 

‘ Wilhelmi, A. E., Fishman, W. H., and Russell, J. A., J. Biol. Chem., 
178, 735 (1948). 

* Gey, G. O., and Gey, M. K., Amer. J. Cancer, 27, 45 (1936). 

* Somogyi, M., J. Biol. Chem., 16), 69 (1945). 

’ Bulbrook, R. D., and Ottaway, J. H., J. Physiol., 123, 57 P (1954). 

* Young, F. G., Abst. Comm. XIX Inter. Physiol. Cong., Montreal, 
1954, p. 18. 

*Gemmill, C. L., Bull. Johns Hopkins Hosp., 66, 232 (1940). 


An Improved Resolution of Cytoplasmic 
Proteins of Rat Liver after n-Butanol 
Treatment 


In an earlier communication!, a technique was 
described for obtaining consistent separations of the 
cytoplasmic proteins of rat liver using electrophoresis 
on filter paper. A notable improvement in resolution 
has been observed following the treatment of the 
protein mixtures with n-butanol. The use of this 
reagent was suggested by the experiments of Morton? 
on the extraction of various enzymes from the 
particulate fractions of the cell structure. 

The cytoplasm of rat liver (5 volumes), prepared 
as previously described!, was shaken at room tem- 
perature with n-butanol (1 volume) and separated 


EME nt) 2 2 








Fig. 1. Electrophoretic pattern of rat liver cytoplasm. 5b, Before, 
a and c, after butanol treatment. The numbering of the bands 
corresponds with those previously described (ref. 1) 
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in a centrifuge. The lower aqueous layer was dial) sed 
at 4°C. against distilled water to remove but:.no] 
and dried in the frozen state. The cytoplasmic })ro. 
teins were obtained as a readily soluble powder. A 
6-7 per cent solution of this powder subjected to 
electrophoretic analysis on filter paper as_ pre. 
viously described! gives a characteristic reproducible 
pattern of seven bands ; the correspondence between 
the patterns with and without the butanol troat.- 
ment is illustrated in Fig. 1. Band No. 2 of the un. 
treated sample has become resolved after butanol 
treatment into three distinct bands (2a, 2b and 2), 
Band No. 4 in both patterns corresponds to an 
esterase activity identified by the diacetyl-fluoresc sin 
reagent of Jermyn*. The esterase band is sometires 
split into two close but distinct components. 

Even when butanol is used, a borate buffer jis 
required to obtain satisfactory resolution of the 
protein components. 


G. ADJUTANTIS 


Department of Chemical Pathology, 
Postgraduate Medical School of London, 
Ducane Road, 

London, W.12. 

Aug. 23. 


1 Adjutantis, G., Nature, 173, 539 (1954). 
* Morton, R. K., Nature, 166, 1092 (1950). 
* Jermyn, M. A., Aust. J. Biol. Sci., 6, 77 (1953). 


Inhibition by Cystine of Lecithinase («-Toxin) 
Production in Clostridium welchii 
(perfringens) BP6K 


TuE highest yields of lecithinase per ml. of medium 
in cultures of Clostridium welchii were reported by 
Logan et al.1. In the course of investigations of factors 
present in this medium which increase toxin pro- 
duction, we have encountered specific instances of the 
inhibition of the production of lecithinase. 

The medium was a pancreatic digest of beef heart 
prepared according to Logan’, used at a level of 
7-5 per cent of solids. Optimal iron and dextrin 
concentrations were determined for each fresh prep- 
aration of digest. Culture tubes containing 10 ml. 
of medium, final pH 7-5, were inoculated as described 
by Logan! and incubated for 16 hr. at 34°C. The 
tubes were then centrifuged and the supernatant 
tested for enzyme activity. The lecithinase activity 
was measured by the development of turbidity when 
the culture filtrate was incubated with lecitho- 
vitellin in the manner described by van Heyningen’. 
The final turbidities were read in a Coleman spectro- 
photometer at a wave-length of 590 mu. From these 
turbidities the LD50 was obtained by comparison 
with a reference curve given by a stabilized control 
toxin solution which had been stardardized in mice 
by intravenous injection. Such a standard curve 
was set up with each experiment. 

The pancreatic digest of beef heart was fractionated 
by means of a ‘Dowex 2’ cation exchange resin; 
some of the fractions thus obtained, when added to 
the original medium, stimulated, while others in- 
hibited, lecithinase production. The inhibition of 
lecithinase production appeared to be due in part 
to free amino-acids. 

The effect of adding to the normal medium each 
of the common amino-acids (final concentration 
of 1-5 x 10-* M t-amino-acid) was studied. Each 
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' of three amino-acids inhibited enzyme production. 


Thus cultures containing valine, cysteine or cystine 


- had LD50/ml. of 375, 315 and < 10, respectively, as 
- compared to a control culture which had 500 ZD50/ml. 


Cystine suppressed lecithinase production whether 


, added to the medium before autoclaving or as a 


Seitz-filtered solution at the time of inoculation. 
Cysteic acid had no effect on enzyme production when 
tested in a similar manner. The in vitro activity of 
the lecithinase is unaffected by cystine up to a con- 
centration ten times that which produces almost 
complete inhibition of the production of the enzyme. 
The effect of cystine would appear to be an in- 
hibition of the production of the toxin rather than 
any modification of the protein formed (for example, 
toxoid). Three separate experimental approaches in 
addition to the measurement of lecithinase activity 
give results which support this view. A comparison 
of the lecithinase activity and of the hzmolytic, 
lethal and antitoxin-combining power of the control 
culture filtrates and filtrates of cultures grown with 
cystine was made, with the results summarized in 
Table 1. The control culture was a normal 7-5 per 
cent solids beef-heart medium, incubated at 34° C. 
for 16 hr. The cystine culture differed only in that 
L-cystine had been added to a final concentration of 
1-5 x 10-*M. Not all activities were measured on 
the same two culture filtrates but on similar filtrates 
prepared on different days. Lecithinase activity 
was measured by the lecithovitellin method of van 
Heyningen*, «-toxin hemolytic titre by the method 
of Roth and Pillemer*, and the antitoxin-combining 
power by the method of Pillemer*. The lethal effect 
was measured by injecting intravenously into 18— 
20 gm. mice, 0-5 ml. of solution made by diluting 
culture filtrate with pancreatic digest of heart 
medium containing 3 per cent solids. The end-point 
was taken as that dilution which killed 50 per cent 
of the mice within 72 hr. By each method, cystine 
was shown to effect a marked decrease in activity. 


EFFECT OF CYSTINE ON VARIOUS ACTIVITIES ASSOCIATED 
WITH a-TOXIN 


Table 1. 


gies ema cenasesannanipaaaE — 


Cystine culture 


| 
Control culture 
Activity measured 


per ml. per ml. 
culture filtrate | culture filtrate 








Lecithinase activity 500 LD50 <10 LD50 | 
a-Toxin hemolytic titre 2,500 units 500 units* =| 
Lethal effect 400 LD50 <20 ZD50 | 
Antitoxin-combining power 10 Lb <1 Lb 





* These 500 units represent a maximum figure as some activity 
may have been due to ¢-toxin, active under the conditions of the test. 


This example of the specific effect of cystine on 
the production of lecithinase by an anaerobe demon- 
strates once again the difficulties of controlled pro- 
duction of «-toxin in a complex medium. Slight 
changes in the amino-acid composition of such a 
medium may have a marked effect on the synthesis 
of this protein. 

Harry GOODER 
Lois BicGER GEHRING 


Department of Bacteriology and Immunology, 
Harvaid Medical School, 
Boston. 
Aug. 2. 


‘Logan, M. A., Tytell, A. A., Danielson, I. S., and Griner, A. M., 
J. Immunol., §1, 317 (1945). 
* van Heyningen, W. E.. Biochem. J., 35, 1246 (1941). 
Roth, F., and Pillemer, L., J. Immunol., 70, 533 (1953). 
‘ Pillemer, L. (private communication). 
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A New Amino-acid in the Peel of Apple 
Fruits 


SMALL quantities of an amino-acid which, from its 
position on two-dimensional paper chromatograms 
and other properties, does not appear to be an acid 
already reported in plant material, has been isolated, 
by use of a series of ion-exchange columns, as fine 
silky needles from the peel tissue of immature 
Worcester Pearmain apples. This acid is also certainly 
present in the peel of mature Edward VII apples 
and probably in the peel of other varieties, but it is 
absent from the sub-cortical tissue (‘pulp’) of all the 
varieties so far examined. 

The position of this acid on chromatograms of the 
Worcester Pearmain peel is seen from Fig. 1, in which 
spot 1 represents hydroxyproline, spot 2 the new 
acid, spot 3 proline and spot 4 y-amino-butyric acid. 
Sprayed with ninhydrin, the new acid gives a pinkish- 
yellow colour which shows an intense salmon-pink 
fluorescence in ultra-violet light. With isatin it gives 
an intense blue colour characteristic of pyrrolidine 
compounds! ; piperidine compounds isomeric with 
methyl] pyrrolidine give an intense and characteristic 
blue-green colour under similar conditions*?. The new 
acid also gives the nitroprusside—acetaldehyde test for 
a secondary amine. None of these characteristic 
properties is affected by treatment with 6 N hydro- 
chloric acid at 100° C. for 20 hr. Support for a pyrroli- 
dine carboxylic acid structure comes from its being 
similar to proline in its anomalous behaviour on a 
series of phenol—methylene-sulphonic polystyrene 
cation and polystyrene anion resin columns®; it is, 
however, separable from proline on ‘Zeokarb 215’. 


~ water 


O 


oar ee: 


— Phenol —- ammonia 


— Butanol — acetic acid 








Fig. 1. Chromatogram of an extract of the peel of immature 
Worcester Pearmain apples with added hydroxyproline 


It was at first thought that this compound might 
be identical with the compound isolated from the 
fruits an | leaves of Granny Smith apples by Urbach 
and McKee‘, which these authors suggest is probably 
4-methoxyproline. However, analysis of the ‘acid 2’ 
in Fig. 1 fails to reveal any methoxy group. 
Elementary analysis of the acid gives: C, 49-6; H, 
7-7; N, 9-1 per cent. From the available evidence, 
including the position taken up by the acid on two- 
dimensional chromatograms, it is suggested that this 
new acid is a methyl-hydroxyl-proline, which would 
give an analysis of: C,49-7; H,7-6; N, 9-7 percent. 
No evidence is available as to the position of the 
suggested methyl and hydroxyl groups. 
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When more of this compound becomes available, 
the infra-red spectrum of the acid will be examined 
for indications of hydroxyl and methy! groups. 
A. C. HuLME 
Ditton Laboratory, 
Food Investigation Organization, 
Department of Scientific and Industrial Research, 
East Malling, 
Maidstone, Kent. 
Aug. 28. 


tAcher A. Fromageot, C., and Jutisz, M., 
5, 81 (1950). 

? Hulme, A. C., and Arthington, W., Nature, 170, 659 (1952). 

3 Partridge, S. M., and Brimley, R. C., Biochem. J., 51, 628 (1952). 

* McKee, H. S., Proc. VIIIth International Botanical Congress, Paris, 
1954, Section 11, p. 401. 


Biochim. Biophys. Acta, 


Conversion of Schradan and Parathion by an 
Enzyme System of Rat Liver 


ScuRaDAN (octamethyl pyrophosphoramide) and 
parathion (OO-diethyl O p-nitrophenyl phosphoro- 
thionate) are converted by insects or mammals into 
inhibitors of cholinesterase. In mammals the liver 
is responsible for the metabolism of both compounds! 
and the conversion appears to be an oxidative one. 

Work in these laboratories has shown that the 
conversion of either compound can be obtained by 
rat liver suspensions shaken in air at 37° in the pres- 
ence of nicotinamide, magnesium ions and diphospho- 
pyridine nucleotide. Separation of a suspension of 
rat liver in saline or 0-25 M sucrose by differential 
centrifugation has resulted in the finding that liver 
microsomes, together with the soluble supernatant, 
ean effect these conversions provided diphospho- 
pyridine nucleotide (shown by a chromato- 
graphic technique to contain less than 
5 per cent of the tri-nucleotide) is present. 
Conversion is not obtained with microsomes 
alone. 

Brodie and Cooper? and Axelrod? have 
found that barbiturates and sympatho- 
mimetic amines are oxidized by liver 
microsomes and supernatant with the addition 
of triphosphopyridine nucleotide but not the di- 
nucleotide. These workers also made the surpris- 
ing discovery that microsomes were only effective 
without supernatant if reduced triphosphopyridine 
nucleotide was added. With the conversion of 
schradan and parathion, the addition of a triphos- 
phopyridine nucleotide preparation (15 per cent 
tri-nucleotide, 29 per cent di-nucleotide) to micro- 
somes plus supernatant resulted in less conversion 
than an equivalent amount of diphosphopyridine 
nucleotide. Addition of glucose-6-phosphate to pro- 


Table 1. CONVERSION OF PARATHION AND SCHRADAN BY A RAtT-LIVER 
MICROSOME PREPARATION. 

Chilled rat-liver suspension was suspended (10 per cent w/v) in 
0-15 M sodium chloride, 0-015 M magnesium sulphate and centrifuged 
for 10 min. at 8,500 g at room temperature. Nicotinamide was then 
added to give a final concentration of 0-008 M to the microsome and 
supernatant preparation. 0-4 mgm./ml. Diphosphopyridine nucleotide 
(70 per cent), 1-6 mgm./ml. ym ge me pen | nucleotide, 2 mgm./ml. 

glucose-6-phosphate, 1 mgm./ml and 200 ugm. fm. parathion 
were added as indicated. 10 (2 — log,, per cent activity) = units of 

inhibitor per 10 mgm. of protein 








| 
Addition Schradan | Parathion 
| Diphosphopyridine nucleotide 7 500 | 
Triphosphopyridine nucleotide 4 24 222 
a an 
glucose-6-phospliate 80 153 
No addition 10 7 
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the conversion of schradan. No satisfactory inter. 

pretation of these findings has so far been found. 
A. N. Davison 

Medical Research Council 
Unit for Research in Toxicology, 
Serum Institute, 
Carshalton, Surrey. 
Aug. 24. 


1 Kilby, B. A., Chem. and Indust., 524 (1954). 
* Brodie, B. B., and Cooper, J. R., J. Pharmacol., 110, 12 (1954). 
* Axelrod, J., J. Pharmacol., 110, 2 (1954). 


Competitive Inhibition of Pryidoxal 
Phosphate Action by Toxopyrimidine 
Phosphate in the Tyrosine Decarboxylase 
System 

In the previous communication, it has been 
reported by K. Makino et al. that ‘atoxopyrimidine’, 
which protects against the onset of convulsions or 
death of the mouse and rat caused by the injection 
of the pyrimidine moiety of thiamine(2-methy!-6- 
amino-5-hydroxymethylpyrimidine, which they called 
‘toxopyrimidine’ ), is contained in rice bran. Moreover, 
they confirmed that the vitamin B,-complex has 
strong atoxopyrimidine action!»*, indicating a typical 
‘biological antagonist’ owing to the similarity of its 
structure to that of toxopyrimidine. 

We have now attempted to find whether an anal- 
ogous relation exists between toxopyrimidine phos- 
phate (I) and pyridoxal phosphate (II) in an enzymic 
system. 


Take — HO—C=C—CHO OH 
i Z 
ond ¢—cH,—0—¥0 CH,—C C—CH,—O—P<=0 
ba NY | tl PP 

—C OH N—CH OH 


(1) (IT) 

We synthesized the phosphoric ester of toxo- 
pyrimidine by treating the latter with phosphorous 
oxychloride and investigated the inhibitory action 
of this synthetic compound on the bacterial tyrosine 
decarboxylase which is one of the vitamin B,- 
dependent enzymes formed by Streptococcus faecalis 
R.; the results obtained agreed very well with our 
assumption. 

The synthesis of toxopyrimidine phosphate was 
carried out as follows : toxopyrimidine was dissolved 
into 1N hydrochloric acid and water, cooled, and 
phosphorous oxychloride was added with stirring at 
such a rate that the temperature did not exceed 
50°C. After hydrogen chloride had been removed 
in vacuo as much as possible, the reaction mixture 
was cooled and neutralized to pH 5 ~ 6 by adding 
@ suspension of calcium carbonate in water, and 
again chilled, and filtered. The filtrate was diluted 
with three times its volume of alcohol with chilling, 
and the precipitate thus formed was gathered by 
centrifugation, and washed with alcohol and ether. 
This crude compound was purified by fractional 
precipitation with alcohol. The yield was 10 per cent 
of the theoretical. Ry values of this compound 
by paper chromatography using Téyd Roshi 
filter paper No. 50 were 0-45 or 0-31 with a4 
mixture of acetone with 35 per cent formic acid in 


duce reduced triphosphopyridine nucleotide through 
glucose-6-phosphate dehydrogenase only increased 
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acetone with 50 per cent acetic acid in the ratio 


» 60/50 and 0-25 with a mixture consisting of lutidine, 
- water, alcohol and diethylamine in the ratio 55/25/20/1 


as developers. The ultra-violet absorption spectrum 


_ of the calcium salt of this synthetic compound showed 
| at pH 1-2, Amax. 245-5 my, and at pH 12, Amax 1 271-5 
4 mu and Amax.2 233 my. 


In the preliminary experiment, we found that the 


' activity of holotyrosinedecarboxylase whith was 


obtained by autolysing the dried acetone extract of 


| St. faecalis R. in 0-02 M phosphate buffer (pH 5-5), 
' which was grown on a synthetic medium containing 
_ yeast extract, was inhibited to the extent of 99, 92, 
_ 52, 17 and 14 per cent by the synthetic phosphate (I) 





sa eae os 








in concentrations of 3 x 10-*, 3 x 10-’, 7-5 x 10°, 
3 x 10-§ and 3 x 10-*° M, respectively. 

St. faecalis R. was also grown on a vitamin B,- 
deficient synthetic medium; from this a cell-free 


_ preparation of the tyrosine apodecarboxylase was 


prepared according to Epps’s method*. Assay of the 


_ tyrosine decarboxylase was carried out as follows: 


0-02 M tyrosine, 0-666 M acetate buffer (pH 5-5), 
pyridoxal phosphate (3-2 x 10-7 ~3-2 x 10-° M), 


_ inhibitors (1 x 10-* ~1 x 10-'° M), purified apo- 
' enzyme and water to make a total volume of 2-0 ml. ; 
' temperature 30° C. 


Tyrosine apodecarboxylase prepared by us was 
activated so sensitively that } Vm:x. was attained 


| by addition of 1-6 x 10-* M pyridoxal phosphate, a 
_ value which agreed well with that reported by O’Kane 









and Gunsalus (1-5 x 10-* M) ¢. 
The effects of toxopyrimidine and its p’ ssphoric 
ester on the activity of the purified tyrosine de- 
carboxylase were as follows: (1) toxopyrimidine 
itself had no inhibitory action at concentrations 
between 1 x 10-* M and 1 x 10-'° M, regardless of 
the concentration of pyridoxal phosphate ; (2) toxo- 
pyrimidine phosphate at a concentration of 1 x 10-7 M 
inhibited 99 ~ 100 per cent of its activity, and at 
concentrations of 5 x 10-*, 1 x 10-8, 1 x 10-* and 
1 x 10-° M showed inhibition of 60, 20, 16 and 
0 per cent, respectively. 
We are indebted to Dr. T. Matsukawa for giving 
us a sample of toxopyrimidine, and to Dr. Y. Sakurai 
for supplying a sample of pyridoxal phosphate. This 
work was aided by the Scientific Research Fund of 
the Ministry of Education of Japan. 
KarasH! Makino 
MASAHIKO KOIKE 

Department of Biochemistry, 

University Medical School, 
Kumamoto, Japan. 
Aug. 4. 

‘ Makino, Kinoshita, Sasaki and Shioi, Nature, 178, 34 (1954). 

* Makino, Kinoshita, Aramaki and Shintani, Nature (174, 275 (1954)]. 

* Epps, Biochem. J., 88, 242 (1944). 

‘O’Kane and Gunsalus, J. Biol. Chem., 170, 425 (1947). 


Isolation of Lignin from Finely Divided 
Wood with Neutral Solvents 


In 1939, Brauns! found that a few per cent of 
the total amount of lignin is present in the extractives 
obtained from black spruce with ethanol. It is now 
well known that greater proportions of lignin cannot 
be extracted from wood unless the solvent contains 
an acid reagent or rather drastic conditions are used, 
resulting in more or less severe alteration of the 
lignin. This fact is usually explained in two ways: 
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(1) chemical bonds exist between lignin and the 
carbohydrates ; (2) lignin has a very high molecular 
weight, and may form a three-dimensional network. 
A third possibility, that weak forces like hydrogen 
bonding and physical pheno:nena may be involved 
in the retention of lignin, has not been given much 
consideration, though such forces would render the 
dissolution of cellulose in water impossible. 

I have re-examined the problem of extracting 
lignin with solvents with the last-mentioned possi- 
bility in mind, and with due consideration to the 
mechanism of grinding in a ball mill. The difference 
in dissolving power of various lignin solvents has also 
been considered. I have found it possibie to extract 
about two-thirds of the lignin from spruce at room 
temperature after grinding wood sawdust in a 
vibrational ball mill?. To aid the grinding, the wood 
was dispersed in a liquid. It was found, however, 
that the liquid must not swell wood more than a 
few per cent, otherwise the wood becomes difficult 
to handle and little or no lignin is released in the 
extraction step. It is equally important that the 
amount of wood in the mill should be small enough 
to allow the ‘equilibrium curve’, which characterizes 
the milling performance*, to reach its peak at a 
sufficiently small particle-size. The ideal milling 
liquid is hard to select; toluene has been used in 
most experiments. 

The choice of lignin solvent for the extraction of 
milled wood is not critical, though the extraction is 
quicker and more complete with solvents which stand 
moderate dilution with water without the lignin 
being precipitated, for example, ‘Methyl cellosolve’ 
(ethylene glycol monomethyl ether). Depending on 
the grinding conditions, more or less of the lignin 
is extracted rapidly ; but for maximum yield the 
extraction must go on for months. In a blank with 
the original sawdust, from which the ‘Brauns’s native 
lignin’ had been removed by pre-extraction with 
ethanol and ‘Methy] cellosolve’, no extraction occurred 
during eighteen months. Solvents like ethanol, 
acetic acid and dioxane require a small amount of 
water in order to dissolve lignin, but substantial 
water content will reduce the dissolving power con- 
siderably. Mixtures of ethanol and chloroform or 
ethanol and 1,2-dichloroethane are powerful solvents 
but very sensitive to water. It is believed that in 
dissolving lignin the many hydroxyl groups of the 
wood carbohydrates have an influence similar to 
water on the solvents, which makes ‘Methy] cellosolve’ 
@ superior extraction medium. 

As already indicated, the grinding conditions are 
most important in obtaining high lignin yields. It 
remains to be determined if all the lignin can be 
removed by this technique. Definite conclusions as 
to the state of lignin in wood cannot be made yet, 
but there seem to be indications that few, if any, 
bonds exist between part of the lignin and the carbo- 
hydrates. Moreover, the diffusion of part of the 
lignin in wood is apparently extremely slow. It 
should be added that the average temperature during 
the grinding was only slightly greater than room 
temperature. 

This new material (milled wood lignin) has been 
obtained as a faintly cream-coloured powder from 
spruce, pine, birch, aspen, western hemlock and 
black spruce, and an evaluation of its authenticity 
as @ chemically unchanged lignin is under investiga- 
tion. It seems to differ in several respects from 
Brauns’s native lignin. Brauns’s native lignin and 
milled wood lignin obtained from the same spruce 








Specific extinction 
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250 300 350 mu 
Fig. 1. Specific extinction versus wave-length : —_——, milled 
wood lignin from spruce ; —-—-+, milled wood lignin from aspen ; 
— — —, low-sulphonated lignosulphonic acid. Solvent : ‘Methyl 
cellosolve’ 


log had methoxyl contents of 14-8 and 15-5 per cent 
respectively, after thorough purification ; in the case 
of the latter, there are indications of a slight variation 
of MeO with the yield of lignin, but further investiga- 
tions are required to elucidate this point. Milled 
wood lignin from spruce dissolves considerably more 
slowly than Brauns’s native lignin in solvents, and 
the solutions of the former have a lighter colour than 
those of the latter. The content of phenolic hydroxy] 
groups in the milled wood lignin from spruce has been 
estimated according to Aulin-Erdtman‘ and Adler 
and Hernestam® and was found to be lower than in 
Brauns’s native lignin. The ultra-violet absorption 
spectra of milled wood lignin from spruce and aspen 
are shown in Fig. 1 together with the spectrum of a 
low-sulphonated lignosulphonic acid from spruce. 

Details on the characterization of milled wood 
lignin as well as its reactions will be given in forth- 
coming papers. 

Since the inception of this work, ultrasonics and 
a colloid mill have been tried to release the lignin 
with no success. This may be due partly to the 
circumstance that the treatments were carried out 
with the wood dispersed in lignin solvents causing 
the blocking effect of swelling as stated above. 

This work has been supported by a grant from 
Statens Tekniska Forskningsrad, Sweden. 


ANDERS BJORKMAN 
Billeruds AB, 
Safle, Sweden. 
Aug. 4. 


1 Brauns, F. E., J. Amer. Chem. Soc., 61, 2120 (1939). 

2 Forziati, Florence H., Stone, W. K., Rowen, J. W., and Appel, W. D., 
J. Res. Nat. Bur. Stand., 45, 109 (1950). 

* Herdan, G., “Small Particle Statistics”, 320 (Elsevier Publishing 
Co., Amsterdam, 1953). 

* Aulin-Erdtman, G., Svensk. Papperstidn., 55, 745 (1952), and un- 
published results. 

5 Adler, I., and Hernestam, 8. (unpublished results). 
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Structure of Cotton Alpha-Cellulose 


THE structure of cotton «-cellulose has been 
developed on the assumption that its building unit 
is glucose only. It is, of course, believed that raw 
cotton contains small amounts of pentoses whic): are 
removed by prolonged boiling in alkali and sub. 
sequent treatment of the product with 17-5 per cent 
sodium hydroxide during the preparation of purified 
a-cellulose. Chromatographic analysis has shown! 
that raw cotton contains glucose, xylose, arabinose 
and a trace of rhamnose. Adams and Bishop* re. 
ported that cotton «-cellulose does not contain any 
pentose. But our findings’»* that a part of the 
pentoses is very strongly associated by chemical 
bonds with jute «-cellulose, which was also later 
confirmed by Adams end Bishop‘, suggested re. 
investigation of the association of these pentoses with 
purified cotton «-cellulose. 

For this purpose various samples of raw cotton 
from different sources have been examined and pre- 
cautions taken in the preparation of purified cotton 
a-cellulose. Wax, etc., was removed from raw cotton 
by prolonged alternate extractions with alcohol and 
ether followed by washing with water. The air-dried 
product was then treated with 1 per cent boiling 
sodium hydroxide for a period of 10 hr. as outlined 
by Corey and Gray*. «-Cellulose was then prepared by 
treating this purified cotton with the usual 17-5 per 
cent sodium hydroxide. 

By hydrolysing the a-cellulose by the formic acid 
method* (85 per cent, 12 min. at the boil) and 
analysing chromatographically the hydrolysate in 
different solvents (for example, moist n-butanol, 
moist phenol and n-butanol/acetic acid/water mix- 
ture), the presence of glucose, xylose and arabinose 
was readily detected. A typical chromatogram (Fig. 1) 
is reproduced. This observation, obtained by the 
formic acid method, has been confirmed recently by 
G. A. Adams of the National Research Council, 
Canada (private communication), who also states that 
these findings with cotton a-cellulose are at variance 
with those of Adams and Bishop? when they used a 
different technique and did not find any trace of 
pentose sugars. 

Cotton a«-cellulose was also hydrolysed by the 
72 per cent sulphuric acid method and the hydrolysate 
examined chromatographically, but the identification 
of pentoses was found to be very difficult. If, however, 
before spraying the chromatogram with aniline oxalate 
reagent the lower portion of the spot corresponding to 
glucose is cut off, extracted with water, concentrated 
and chromatographed again, xylose and arabinose are 
readily detected. Further proof of the presence of 
pentoses in cotton «-cellulose was obtained by 
separating these pentoses from glucose present in 
the hydrolysate (72 per cent sulphuric acid) of 
Egyptian cotton «a-cellulose (2 gm.) through a 
cellulose column with an alcohol/benzene (35 : 65) 
mixture as developed in this laboratory’, followed 
by chemical analysis. The above results therefore 
show that xylose and arabinose are present not 
only in «-cellulose derived from jute or allied 
materials but also in that prepared from purified 

cotton. Estimation of the amounts of these pentoses 
associated with this a-cellulose is in progress. 
The main difficulty is to assess the amount of 
pentoses that decomposes under the exact condition 
of complete hydrolysis of «-cellulose. Nevertheless, 
from the nature of the chromatogram, it appears 
that the total amount is likely to be appreciable. On 
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| these grounds we feel that the above observations 
| may have far-reaching implications for the accepted 
structure of cotton «-cellulose. The possibility of 
mixed crystals with these pentoses and glucose can- 
' not be ruled out, and as already noted’, it remains 
| to be seen if the new spacing observed recently by 
Sen and Roy® even in cotton is due to such mixed 
crystals. 
Thanks are due to the Indian Central Cotton Com- 
g mittee and Ahmedabad Textile Industries Research 
Association for the samples of raw cotton. 
D. B. Das 
M. K. Mirra 
J. F. WarEHAM 


{ Group Laboratory, 


Messrs. Jardine Henderson, Ltd., 
Calcutta 1. June 8. 
‘| ' Das, Mitra and Wareham, Science and Culture, 18, 249 (1952). 


* Adams and Bishop, Nature, 172, 28 (1953). 


| * Das, Mitra and Wareham, Nature, 171, 613 (1953); [174, 228 (1954)]. 
4 * Adams (private communications, May 1953 and January 1954). 


'Corey and Gray, cf. Dorée, ‘“‘Methods of Cellulose Chemistry’, 2 
(London, Chapman and Hall, 1947). 

* Das, Choudhuri and Wareham, Science and Culture, 18, 197 (1952 

'Das and Wareham, J. Sci. Ind. Res. (India), [18 B, 743 (1954)). 

‘Das, paper read at the symposium on “High Polymers” held at the 
a Association for the Cultivation of Science on March 29, 
1954. 


*Sen and Roy, Nature,-173, 298 (1954). 


Localization of Embryonic Antigens by 
Antisera labelled with Fluorescent Dyes 


ANTIBODIES labelled with fluorescent dyes have 
been used for histochemical localization of antigens 
in tissue sections by Coons and Kaplan', Marshall? and 
Hill and Cruickshank*®. It would seem that this 
method might be applied to locate tissue antigens 
during the course of development. 

Since the changes in distribution of antigens rela- 
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are of interest from the point of view 
of differentiation, a modification of the 
method, which enables one to study 
several antigens simultaneously, has been 
employed. The use of a mixture of 
several antisera of different specificities, 
each coupled to a different dye, makes 
this possible. It has a further advantage 
in practice. The antibodies appear to 
compete to some extent, which has the 
effect of eliminating some of the minor 
cross-reactions. Thus a given antiserum 
will give more restricted localization in 
combination with another antiserum than 
by itself. 

The colours chosen were green, yellow 
and red fluorescence ; these were found to 
be readily distinguished from one another. 

The green was due to fluorescein iso- 
cyanate, which Dr. R. Smith, of King’s 
College, London, kindly coupled on to a 
number of samples of antisera. The 
yellow was 1-dimethyl-amino-5-sulphonyl- 
chloride-naphthalene, a sample of which 
he also provided. The red was nuclear fast 


Fig. 1. A, American cotton a-cellulose ; 5 p 2 ‘ 

R, reference sugars. red (benzaldehyde-6-nitro-2-sodium-di- 

: azotate). All uncombined dye was re- 
¥ Left: Chromatogram in moist phenol for 48 hr. in Whatman filter paper ) 7 ‘ 2 y - 
No. 1. moved by dialysis. Samples of each anti- 

Right : Chromatogram in moist n-butanol for 96 hr. in Whatman filter paper serum were coupled to each of the three 


dyes, the specificity and localization re- 
maining the same whatever the colour. 
The antisera thus treated were against lens and 
muscle respectively of the mouse, Mus musculus. 

The eye of the week-old mouse (which has also 
been made the subject of a quantitative study by 
means of radioactive antisera‘) was treated with 
a mixture of muscle and lens antisera after freeze- 
drying and sectioning in paraffin. Where, for ex- 
ample, the lens serum was dyed red and the muscle 
green, the following localizations were observed : 
lens bright red, ciliary process and retina pale pink, 
epithelium of cornea doubtfully pale pink, extrinsic 
muscles and suspensory ligament green, choroid pale 
green. The cross-reactions indicated by the paler 
colourings may be due either to small quantities of 
the same or to a similar antigen. Thus the ciliary 
process, which in Amphibia can regenerate the lens, 
may actually contain small quantities of lens crystal- 
lins or scleroproteins. The choroid and suspensory 
ligament must contain antigens similar to or identical 
with some of those in whole muscle. 

In the early stages of the embryo mouse, the lens 
antisera give a diffuse reaction with the brain and a 
somewhat stronger one with the eye cup and lens 
vesicle. The highest fluorescence surrounds the cavity 
of the lens vesicle. There is a cross-reaction of the 
lens antiserum with the epidermis, which is strongest 
in the adult. 

Thus the use of labelled antibodies may make 
possible a simple and direct test of insoluble antigens 
hitherto tested only by indirect methods which may 
be subject to interfering factors. 

A full report will be published elsewhere. 

R. M. CLtayTon 

Institute of Animal Genetics, 

Edinburgh. Aug. 9. 
1 Coons, A. H., and Kaplan, M. H., J. Exp. 
: et J. M., J. Exp. Med., 94, 21 (1953) ; 


1954). 
* Hill, A. G. S., and a, Brit. J. Exp. Path., 34, 27 
(1953a); J. Path. , 66, 288 (1953b). 


‘Clayton R. M. and Saahen, M., Experientia (in the press). 


Med., 91, 1 (1950). 


Exp. Cell Res., 6, 240 
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Increase of Respiratory-rate in Sweet 
Potato Tissue infected with Black-Rot 


AN increase in respiratory-rate is commonly 
observed in the tissues of higher plants when infected 
by pathogens. We have found the same phenomenon 
to accompany black rot in the sweet potato caused 
by Ceratostomella fimbriata infection, and the 
simultaneous activation of cytochrome oxidase, 
polyphenol oxidase and peroxidase in the tissues. 

P. J. Allen! believed from his observation of 
increase of inorganic phosphate and inhibition of 
Pasteur effect in wheat infected by powdery mildew 
that the respiratory increase could be explained 
by the mildew toxins acting as uncouplers and 
accelerating the release of inorganic phosphate and 
regeneration of adenosine diphosphate ; thus a given 
level of phosphate acceptors would lead to more 
rapid oxidation. We, on the other hand, took the 
view that something metabolized in the infected 
sweet potato might act as an uncoupler and permit 
the respiratory increase. 

Several substances have been found as abnormal 
metabolites in black-rot of sweet potato. Ipomeam- 
arone, 


hx 


\ O ‘CH,.CO.CH,.CH.Me, 
oO 


(130°/3 mm. mercury), was found by M. Hiura* in 
infected tissue, and its structure determined by 
T. Kubota et al.*. In sound tissue next to the infected 
part, polyphenols such as chlorogenic acid‘ (isolated 
by G. Rudkin et al. from sound tissue), zsochlorogenic 
acid and a new isomer which we call pseudochloro- 
genic acid, and also coumarins such as umbelliferon 
and scopoletin have been isolated by us. Among 
these, ipomeamarone was known from our experi- 
ments to accelerate the respiration of sweet potato 
slices by c. 30 — 50 per cent in a dilution of 
1 : 4,000, while 2,4-dinitrophenol (2-5 x 10-5 M) 
showed c. 100 per cent increase under the same 
condition. Further, ipomeamarone in a dilution of 
1 : 10,000 gave a slight increase of oxygen uptake 
with white potato tubers. 

We have now examined these effects on the 
oxidative phosphorylation system of mitochondria- 
like particles in mung bean and sweet potato (using 
Maruo’s method’ and Bonner’s method’). We find 
that ipomeamarone (1: 4,000) distinctly depressed 
the coupled phosphorylation, as did also 2,4-dinitro- 
phenol, though there was no apparent influence on 
oxygen uptake. Coumarin substances did not show 
any similar action. Chlorogenic acid inhibited to 
some extent the oxidative phosphorylation of sweet 
potato tissue particles only ; this, we supposed, was 
because of the inhibitory effect of chlorogenic acid 
oxidative products which were produced by poly- 
phenol oxidase in sweet potato tissue. A fraction 
(180°/3 mm. mercury) in the infected tissues, also, 
increased the respiration in sweet potato slices, and 
depressed the oxidative phosphorylation of the 
particles. 

Tpomeamarone, in addition to being a factor con- 
cerned in the abnormal increase of respiration in 
sweet potato, may be considered to be a protector 
against the penetrating fungus: ipomeamarone was 
found to inhibit the spore germination’, growth’ and 
oxidative phosphorylation of Ceratostomella fimbriata, 
and depress its respiration in a higher concentration. 
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Table 1, EF®ROT OF SUBSTANCES FROM BLAOK-ROT TISSUE OF Sweep 
POTATO ON OXIDATIVE PHOSPHORYLATION OF THE MITOCHONDRIA. 
LIKE PARTICLES IN MUNG BEAN AND SWERT Potato 


The control contained 20 ~M of phosphate buffer ion 70), 20 uM 

of citrate, 100 1M of glucose, 3 uM of adenosine triphosphate, 20 ,.7 

of magnesium chloride, 20 «1M of sodium fluoride, 20 4M of versene 

3 mgm. of hexokinase, and 1-0 ¢.c. of enzyme solution (mitochondria. 

like particles prepared by Millerd’s procedure as improved by 

Akazawa) in a total volume of 2-5 ¢.c. 60 min. incubation at 30° jp 
Warburg vessels 











- aoe 
| | Phos- 
| Particles Substances tested Oxygen | phorus ?/09 
| uptake | uptake 
| atom | » atom | 
Mung | Control ' 2°83 460 | 1-62 
bean | Ipomeamarone, 2uM 2°57 2°68 | 1-04 
a “uM 2-03 0 10 
| Chlorogenic acid, 4-2uM 3-10 4°26 | 1-36 
| Umbelliferon, 4-2uM | 3-04 | 4:26 | 1-38 
Scopoletin, 4-2uM _ 426 | — 
| Dinitrophenyl, 0-05uM 2-97 2:90 | 0-98 
| | | 
| Sweet | Control | 2-05 2-73 | 1-83 
| potato | Ipomeamarone, 2uM 2°15 1:48 | 0-69 
| = 4uM 1-82 | 0-25 | 0-14 
| ‘ | Control 2°38 2-96 | 1-25 
| | 180°/3 mm. mercury, 500 y 2-25 1:29 | 0-57 
| | Chlorogenic acid, 4-2uM 4-27* 1:78 0-44 
' 
| Control 1-49 2:10 | 1-41 
Umbelliferon, 4-2uM 1-54 2°10 1-36 
Scopoletin, 4°2uM 1-58 2-10 1-33 








* Oxygen uptake here is much more than the control, due to the 
oxidation of chlorogenic acid by polyphenol oxidase in the particles, 


Higher activity of adenosine triphosphatase in 
black-rot tissue of sweet potato, compared with that 
in sound sweet potato tissue, seems to be one of the 
factors for the occurrence of oxidation uncoupled to 
phosphorylation. 

We thank Prof. Yusuke Sumiki, Tokyo University, 
and Prof. Saburo Funahashi, Nagoya University, for 
advice and encouragement, and also Dr. P. J. Allen, 
University of Wisconsin, for valuable suggestions. 


Ikuzo URITANI 
TAKASHI AKAZAWA 
Mryoxo URITANI 


Laboratory of Biological Chemistry, 
Faculty of Agriculture, 
Nagoya University, 

Japan. 

July 1. 


1 Allen, P. J., Phytopath., 43, 221 (1953). 

* Hiura, M., Sci. Report Gifu Agric. Coll. Japan, 50, 1 (1943). 

* Kubota, T., and Matsuura, T., Proc. Japan Acad., 28, 198 (1952). 
* Rudkin, G., and Nelson, J., J. Amer. Chem. Soc., 6%, 1470 (1947). 
id oe 2 and Matsuhashi, M., J. Agric. Chem. Soc. Japan, 26, 440 
© Bonner, J., and Millerd, A., Arch. Biochem. Biophys., 42, 135 (1953). 
? aT T., and Uritani, I., J. Agric. Chem. Soc., Japan, 28, 205 


Micro-fungal Population of Acid Sandy 
Podsols 


WE would like to direct attention to the remarkable 
similarity between the composition of the micro- 
fungal population of some acid sandy podsol soils 
in England, as recorded by Jeffreys, Brian, Hemming 
and Lowe’, and that of some acid podsol soils in 
Victoria, Australia?. This similarity is associated 
with the presence in the B-horizon of what is de- 
scribed as an iron-pan in the English soils. 

The B-horizon of the Australian podsol studied by 
us has been referred to as an iron-pan. However, 
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analysis has shown that only a trace of iron is usually 
present, the characteristic dark colour being due to 
the abundant organic matter. In both soils the 
C-horizon was sand. 

In each country this type of soil is characterized 
by the marked dominance of Mortierella ramanniana 
(Moll) Linnemann’ (syn. Mucor ramannianus Moll). 
Joffreys et al. state that this form was “usually 
particularly abundant in the pan layer. This may 
have been purely fortuitous but is worthy of record’’. 
Our results show that the distribution of this fungus 
is not fortuitous, for it formed 98 per cent of the 
population of the B-horizon in one experiment, and 
86 per cent when all the samplings were considered. 
In those English soils in which M. ramanniana was 
absent, the pan was not a feature of the profile. We 
have some evidence that this is true for Australian 
soils also. It seems, on the evidence, that it is the 
characteristic micro-fungus of acid sandy podsols 
irrespective of geographical location, and that its 
dominance is indicative of such soil types. 

The species list given in the profile tables for the 
English soil is equally descriptive of those compiled 
for the Australian profiles. The general micro-fungal 
population is practically identical, in contrast to the 
different floristic population of the heathlands in the 
two countries. 

Of the Penicillia isolated from the Australian 
podsol twenty-six were tested for antibiotic activity 
against bacteria. Of these, thirteen gave a positive 
result with S. aureus, and only one, P. rubrum Stoll, 
was inhibitory to both S. aureus and B. coli. 


Eruet I. McLENNAN 
SopurE C. DucKER 
Botany School, 
University of Melbourne, 
Victoria. 
Aug. 18. 
' Jeffreys, E. G., Brian, P. W., Hemming, H. G., and Lowe, D., J. 
Gen. Microbiol., 9, 314 (1953). 
: Mclaeat) Ethel I., and Ducker, Sophie C., Aust. J. Bot., 2, 220 


* Linnemann, G., “Die Mucorineen-Gattung Mortierella Coemans” 
(Gustav Fischer, Jena, 1941). 


Allopolyploidy in the Melaniid Snails 


In a recent communication’, I recorded the occur- 
rence of apomictic parthenogenesis combined with 
polyploidy in a few species of Melanoides. One of 
these species, Melanoides tuberculatus, includes a 
diploid race with 2n = 32 chromosomes and a poly- 
ploid race with 90-94 chromosomes, which thus 
appears to be more or less at the hexaploid level 
when compared to the former. Both these races 
are parthenogenetic, but in the latter there occur 
exceptional males which are sterile, constituting about 
3 per cent of the population. The males show evidence 
of structural and numerical hybridity in the occur- 
rence of bridge and fragment in the meiotic divisions 
and in the presence of non-pairing univalents with 
irregular distribution in the first meiotic metaphase 
and anaphase. 

The present communication records the analysis of 
the chromosome combinations in the hybrid. Figs. 
1 and 2 show the diakinetic stage from an aceto- 
carmine squash of the testis of the rare males of the 
polyploid race of Melanoides tuberculatus. Fig. 2 shows 
twenty univalents represented in black and _ thirty- 
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Diakinetic stage, acetocarmine preparation. (1) Photomicro- 
900 


graph; (2) camera lucida drawing. x 

five bivalents and a quadrivalent (right of centre) in 
dotted outline. From examination of diakinetic, first 
metaphase and first anaphase stages, it is found that 
@ maximum of six quadrivalents may be present, 
bivalents may vary from thirty to thirty-eight and 
the number of univalents show less variation, usually 
from fifteen to twenty. During the first meiotic 
division the univalents pass undivided to the poles 
in a random fashion in advance of the separating 
bivalents, and the secondary spermatocytes possess 
an unequal number of chromosomes. The complete 
absence of trivalents and higher multivalents other 
than quadrivalents is a noteworthy feature. 

It is evident from the chromosome behaviour that 
the polyploidy involved is certainly not regular 
autopolyploidy with homologous sets of chromo- 
somes. The presence of fifteen to twenty non-pairing 
univalents in all the stages analysed indicates 
hybridity involving more than one genome. The 
evidence of structural hybridity has been already 
mentioned. The polyploidy is therefore allopoly- 
ploidy. There is no sure way of distinguishing an 
allopolyploid, unless its origin is known or unless it 
is a rather extreme or typical example of one of the 
known types. However, in the present instance the 
presence of dissimilar genomes seems certain. The 
fact that up to six quadrivalents occur (though the 
number is small compared to the total number of 
chromosomes of this polyploid) indicates that at 
least certain chromosomes are represented four times. 
The polyploid is therefore probably autotetraploid 
with respect to one genome, but since a different 
genome is also present as stated earlier, it is allo- 
polyploid. The polyploid race of Melanoides tuber- 
culatus is an allopolyploid somewhat similar to what 
has been classified as autoallopolyploid by Kostoff? 
and what Darlington’ refers to as an allopolyploid 
with non-reduction in the female parent. A cross 
between an apomictic autotetraploid and another 
diploid bisexual species might result in a hybrid of 
the type discussed here. However, this conjecture 
cannot be verified experimentally, since neither an 
autotetraploid nor a diploid bisexual species appears 
to be available. 

Very similar features have been observed also. in 
the meiotic stages of the rare males of Melanoides 
lineatus. Suomalainen‘ inferred allopolyploidy from 
the gonomery at the maturation metaphase. Except 
for this example, polyploidy recorded in animals so 
far is autopolyploidy. In view of the rarity of natural 
hybrids among animals, the allopolyploidy in 
Melanoides is of great interest. 





1062 


I wish to thank Prof. R. V. Seshaiya for suggesting 
the problem and guidance, and Prof. A. D. Peacock 
for reading the manuscript. 
JOSEPH JACOB 
Department of Zoology, 
Annamalai University, 
Annamalainagar. July 27. 


1 Jacob, J., Curr. Sci., 23, 56 (1954). 

® Kostoff, D., Genetica, 21, 285 (1939). 

* Darlington, C. D., “Recent Advances in Cytology” (2nd edit., 1937). 
*Suomalainen E., Hereditas, 26, 51 (1940). 


Constitution of Cynarine, the Active 
Principle of the Artichoke 


It has been known for some time that the artichoke 
(Cynara scolymus) contains some 
hitherto unidentified substances 
which stimulate biliary secretion 
and cholesterinic metabolism!. 
The extraction of these sub- 
stances can be carried out by 
infusion or decoction. We have 
been able to isolate from cauline 
leaves of Cynara scolymus a 
crystalline substance which we have also found 
in Cynara cardunculus. Because of its physio- 
logical activity, we have used the word ‘cynarine’, 
which has been generally used for the chemical 
principle of the artichoke with the same activity’. 

We have isolated this compound by treating a 
decoction of the fresh leaves with lead acetate. The 
precipitate is extracted with dilute acetic acid and 
the lead is removed with sulphuric acid and hydro- 
gen sulphide. Crystallization of the cynarine is 
obtained after concentration and standing. The 
yield is 0-1-0-2 p.p.m. of the leaves. It gives flat 
needles or colourless small plates of melting point 
227—228° (dec.). It is slightly soluble in cool or 
warm water, more soluble in alcohol and acetic 
acid. 

The substance has a left-handed rotatory power : 
[a]?3°, = — 59 (methanol, c = 4). It is a weak acid, 
giving deep yellow alkaline solutions slightly stable 
in air. It gives a green colour with ferric chloride ; 
it can be easily oxidized and gives a yellow 
precipitate with lead acetate and with barium 
hydroxide. 

After drying in air to constant weight the per- 
centage composition is C,;H,,0,..H,O. It gives a 
hexa-acetyl derivative (m.p. 168-172°) and a tetra- 
hydro derivative (m.p. 134-140°). 

Protocatechuic acid (3,4-dihydroxybenzoic acid) can 
be obtained by fusion with alkali. Its saponification 
by diluted alkalis produces quinic acid (1,3,4,5-tetra- 
hydroxycyclohexane carboxylic acid) and two mole- 
cules of caffeic acid (3,4-dihydroxycinnamic acid) ; 
saponification of the tetrahydroxy derivative produces 
quinic acid and dihydrocaffeic acid. 

Methylation of cynarine with methyl sulphate and 
potassium carbonate in acetone gives pentamethyl- 
cynarine (m.p. 160-161°). Alkaline saponification 
of this compound gives methyl alcohol, quinic 
acid and two molecules of 3,4-dimethoxycin- 


OH 


namic acid; permanganic oxidation gives veratric 
acid. 

Such data are sufficient for establishing that 
cynarine is a three-depside which occurs by esterifica- 
tion of two molecules of caffeic acid and one of quinic 
acid, 
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Because in the synthesis of cynarine the ca‘feic 
groups are introduced on the y-lactone of quinic 
acid (quinide) we can exclude, among six isom«ric 
esters, those blocking —-OH of quinic acid in posi: ion 
3. The pentamethyl-cynarine is stable to periodic 
acid and for this reason we can exclude the iso:ner 
1-5 also. Hence, we can reduce the number of possible 
isomers to two (1-4 and 4-5). 

The complete methylation of pentamethyl-cynarine 
by methyl iodide and silver oxide gives a substance 
that can be saponified. We obtain 3,4-dimethoxy. 
cinnamic acid and a dimethylether of quinic acid 
(m.p. 136-138°). Because of the resistance of this 
last compound to oxidation with periodic acid, it 
must be the 3,5-dimethoxy 1,4-dihydroxycyclohexine 
carboxylic acid. 

Therefore the chemical formula of cynarine is : 


OH 
COOH 


< 4 7 
% A r 
\ 5 6/7 | 


More details of this work will be published else- 
where, with an account of the synthesis of cynarine. 
Luier PAanizzi 
Maria Luisa SCARPATI 
Istituto di Chimica Organica, 
Universita di Roma. 
July 21. 

1 Cf. Chabrol, E., Charonnat, R., Maximin, M., and Waitz, R., C.R. 
Soe. Biol., 108, 1020 (1931). Tixier, L., and de Sére, S8., Chem. 
Abstr., 7535 (1937). Tixier, L., Presse Médicale, 47, 880 (1939). 
Schoenholzer, G., Schwz. Med. Wschr., 69, 1288 (1939). Roffo, 
A. H., Bol. Inst. Med. Exp. Cancer, 20, 65 (1943). nd, G.. 
C.R. Acad. Sci., Paris, 227, 600 (1948). Hermann, G. R., Chem. 
Abstr., 3489 (1948). 

* Cf. Ravina, A., Presse Médicale, 42, 1307 (1934). 





A New Paper Column for Preparative 
Chromatography 


SEVERAL types of paper columns have been 
described for separating closely related substances on 
@ preparative scale; but with these methods it has 
proved difficult to get the same degree of separation 
as is achieved by simple paper-strip experiments’. 
This disadvantage is overcome by the present 
method, the principles of which have been reported 
in @ previous communication?. The technique has 
now been improved and simplified. 

The column (manufactured by Grycksbo Pap- 
persbruk, Sweden, and sold by LKB-Produkter 
Fabriksaktiebolag, Stockholm) consists of a roll 
of filter paper (A), closely packed around a central 
core (B) of inert material and placed in a poly- 
thene tube (C), closed at each end (Fig. 1). Close 
packing is a prerequisite for sharp fronts, because 
otherwise the solvent velocity varies through the 
cross-section of the column, reaching a maximum 
at the outer and inner column surfaces. Before 
using the column, solvent must be absorbed by 
the paper roll, which then swells and, being con- 
fined by the walls of the column, is subjected to 
great pressure. This condition ensures a constant 
flow velocity throughout the cross-section, thus 
achieving straight fronts and sharp separations. 
After the paper rolJ has been wetted by solvent 
through the lower cover, tube G@ is dipped into the 
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Fig. 1. Diagram of the chromatographic column 

beaker (H) containing solvent. By applying suction 
to tube F’, tube G and the upper space between the 
inner wall of the cover and the upper end of the roll 
are filled with solvent. Tube F is then closed and the 
solvent flows through the column. Equilibrium is 
established in a few hours, after which tube @ is 
introduced into the container holding the solution, 
and the required volume of solution drawn into the 
column. Tube G is again transferred to the beaker 
(H), and separation ensues. Tube F is coupled to 
@ fraction collector. The flow velocity is controlled 
by the height of the beaker (H) relative to the 
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Fig 2. Separations of glycine, alanine and valine 
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outlet (Z). The effectiveness of separation is a function 
of flow velocity. 

Fig. 2 shows the results of two experiments. In 
one experiment (crosses), 25 ml. of a solution contain- 
ing 25 mgm. glycine, 25 mgm. alanine and 25 mgm. 
valine in 70 per cent ethanol were used. In the 
other experiment (filled circles) 250 mgm. glycine, 
250 mgm. alanine and 250 mgm. valine dissolved in 
100 ml. of 70 per cent ethanol were used. The elution 
was carried out with 3-8 1. of 70 per cent ethanol. 
The dimensions of column used were 10 cm. x 25 cm. 

The volume of each fraction was 15 ml. The 
elution process was continued for 48 hr. Every fifth 
fraction was analysed for amino-acids with the nin- 
hydrin method according to Moore and Stein*. Fig. 2 
shows that the amino-acids are separated sharply 
into three peaks. 

The column has also been used for salting out 
chromatography according to Hagdahl and Tiselius* 
with excellent results. Glycyl-1-tryptophan, glyeyl-1- 
tyrosine and glycyl-glycine were separated in 1M 
disodium hydrogen phosphate + 2M sodium di- 
hydrogen phosphate on a 5-cm. column, 10 cm. in 
diameter. Metal ions have also been separated using 
this type of column. 

Repeated use has been made of the column, and 
different columns give consistent and reproducible 
results. The amount of substances separated by this 
method is only limited by the dimensions of the 
column. 

LENNART HAGDAHL* 
Cart Ertk DANIELSON 
Institute of Biochemistry, 


Uppsala. Aug. 18. 
* Present address: LKB-Produkter Fabriksaktiebolag, Stockholm 
12, Sweden. 


1 Mitchell, wr x, and Haskins, F’. A., Science, 110, 278 (1949). Porter, 
W. L.. Chem., os 412 (1951). Hough, L., Jones, J. K. N., 
and i oe w. , Nature, 162, 448 (1948 8). 

* Danielson, C. E., PoP ‘Kemi, 5, 173 (1953). 

* Moore, S., and Stein, W. H., J. Biol. Chem., 176, 367 (1948). 

“ Hagdahl, L., and Tiselius, A., Nature, 170, 799 (1952). 





Improvements in Vapour-phase Chromato- 
graphy at Relatively High Temperatures 
FURTHER experience of the application of the 
vapour-phase chromatographic method to fatty-acid 
esters and fatty alcohols! has led us to adopt certain 
improvements which are of general interest. The 
separation of fatty-acid esters was found to be con- 
siderably influenced by the quality of the silicone 
grease used in the chromatograph column, and, in 
fact, some batches of silicone grease gave very poor 
results; treatment of silicone grease with ethyl 
acetate followed by addition of ethanol and decanta- 
tion of solvent removed an oily fraction and left a 
residue of grease which has always, so far, proved 
very satisfactory. The acetate-washed grease from 
a ‘poor-quality’ batch was superior even to the best 
quality unwashed grease, and we have, therefore, 
used acetate-washed grease in all our subsequent 
work. We find a mixture comprising 60 per cent 
‘Celite 545’ and 40 per cent acetate-washed silicone 
grease to be satisfactory for applications. 
Difficulties were encountered in the analysis of 
hexadecanol—octadecanol mixtures, and of brom- 
inated technical methyl oleates, at 265° C., owing to 
slight thermal decomposition of each ‘load’ of sample, 
which after a series of tests eventually gave a column 
so full of charred decomposition products that its 
efficiency was impaired. In order to reduce the 
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temperature to a more tolerable level, it was con- 
sidered necessary that the resistance of the column 
should be reduced so that the inlet pressure could be 
brought down from about 40 cm. mercury (as hitherto) 
to, say, 4 cm. mercury. This was achieved by 
replacing the ‘Celite 545° with sodium chloride 
crystals ; the crystals (A.R. grade) were mixed with 
about 5 per cent of acetate-washed silicone grease. 
The mixture can be packed into columns quite 
conveniently ; the grease remains on the surface of the 
sodium chloride crystals even at high temperatures, 
and the resistance of the 3-ft. column! is such that 
the inlet pressure is 4 cm. mercury when the outlet 
pressure is 2 cm. mercury. Analyses of hexadecanol-— 
octadecanol mixtures can be carried out at 190- 
200° C., under which conditions the column can be 
used for considerable periods. The use of these 
columns reduces the working temperature for a given 
separation by about 60°C., and gives separations 
which are rather better than those obtained with 
‘Celite’/silicone grease columns at the higher tem- 
peratures. 

Instead of the straight-wire catharometers pre- 
viously used, we now have coiled platinum wire 
catharometers in a small glass envelope, which are 
about five times as sensitive; a small detachable 
fraction collector is available for isolating condensate 
corresponding to any unrecognized maxima on the 
records, so that unidentified fractions can be analysed 
by other means, for example, infra-red spectroscopy, 
mass spectrometry. 

We are building a much longer column (20 ft.), 
with a compact zig-zag shape so that it will fit into 
the lagged heating cylinder. We hope this will give 
reasonable flow-rates and will prove effective in 
separating even more difficult mixtures. 

A detailed account of this work will soon be sub- 
mitted for publication elsewhere. 

F. R. CROPPER 
A. HEywoop 
Analytical Laboratories, 
Imperial Chemical Industries, Ltd., 
Dyestuffs Division, 
Hexagon House, 
Blackley, Manchester 9. 
Aug. 20. 
1 Cropper, F. R., and Heywood, A., Nature 172, 1101 (1953). 


Interaction between Metal lons through 
Anions 


In order to overcome experimental difficulties in 
determining polarizing absorption spectra of sub- 
stances in the crystalline state, one of us (R. T.) 
devised a new apparatus, which consists in principle 
of a polarizing microscope and a sector photometer’. 
By means of the apparatus, we have been determining 
the dichroism of metallic complexes? and aromatic 
compounds*. In this communication we wish to 
report on the anomalous dichroism of crystals of some 
compounds showing unusually deep colours. 

According to X-ray analysis‘, the crystals of 
Pt(NH,),Br, consist of infinite chains, each containing 
alternate planes of Pt'(NH;).Br, and octahedra of 
Pt'V(NH,),.Br,. Cohen et al.5 supposed from crystallo- 
graphic and magnetic examination that the crystals 
of Pd(NH;,),.Cl; might involve similar chains, in 
agreement with the results of the X-ray analysis‘. 
Quantitative measurement of dichroism with a 
crystal of Pd(NH;),Cl, has been carried out by 
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Tsuchida—Kobayashi’s microscopic method! in the 
visible and ultra-violet. The absorption measurement, 
shows that the crystal absorbs at much longer wave. 
lengths than does either of the component complexes, 
Referring to absorption with the electric vector along 
the c-axis, that is, in the direction of the chains, 
Pdll—Cl—Pd!\—Cl-— Pdll--, as c-absorption, and 
absorption with the electric vector perpendic ilar 
to the c-axis as a-absorption, then we find that the 
c-absorption is very bathochromic and fairly hyjer- 
chromic to the a-absorption; the c-absorption, 
exhibits an absorption band at about 40 x 10?8 sec,.-1 
which is not observed with the a-absorption. hig 
band may be considered as a kind of charge-transfer 
band’ principally due to the chain, Pd!!——Cl—Pd! 
Cl- —Pdll_-. 

Pt(en)Cl,; may be supposed to be a compound of 
a similar type. On oxidizing with ammonium per. 
sulphate an aqueous suspension of Pt(en)Cl, or 
evaporating a mixed solution of Pt(en)Cl, and 
Pt(en)Cl,, red, plate-like crystals of Pt(en)Cl, are 
formed. Its properties are similar in many ways to 
those of Pt(NH;),Br, and Pd(NH;),Cl;, showing that 
the compound should be formulated as [Pt!I(en)(',} 
[Pt!¥(en)Cl,]. The crystal is strongly dichroic ; 
purplish-red and pale yellow with the electric vector 
along and perpendicular to the c-axis, respectively. 
Since the crystal of Pt(en)Cl, has been found to 
exhibit absorption at far longer wave-length than 
any of the component complexes, the complexes in 
this crystal should be under some specific forces. The 
dichroism measurement indicates that the c-absorp- 
tion is very bathochromic and hyperchromic to the 
a-absorption. These relationships may be readily 
understood, assuming that the crystal involves 
infinite chains, Pt!!-—Cl—Pt!V—Cl- —-Ptu_-, along 
the c-axis. Thus the absorption band between 50 and 
65 x 10% sec.-! with the c-absorption, which is 
not observed with the a-absorption, is supposed 
to correspond to a charge-transfer band due to the 
interaction between platinum atoms in different 
oxidation states. 

Black crystals of Cs,AgAuCl, are known to contain 
another type of infinite chain consisting of alternate 
planes of AullICl, and linear anions, Cl—Ag!—Cl. 
Dark-brown crystals, (NH,),;AgAuCl,, are obtained, 
following the same procedure, except that ammonium 
chloride is used instead of cesium chloride. Similarity 
in the properties of the crystals to those of the cesium 
compound suggests that the former involves similar 
chains of Cl—Ag!—Cl- —Aul!(Cl,)— -Cl—, and might 
be formulated as (NH,),AgAuCl,.NH,Cl. The crystal 
has been found to absorb at much longer wave- 
lengths than would be expected for the component 
complexes. It has also been found that the c-absorp- 
tion is very bathochromic and fairly hyperchromic 
to the a-absorption. These relationships, which are 
similar to those for crystals of Pd(NH;),Cl, and 
Pt(en)Cl,, seem to agree with the above assumption 
that the crystal of (NH,);AgAuCl, may contain 
infinite chains of Ag'X—Cl- —AullI_ -Cl—Ag!— along 
the c-axis. Thus the absorption at 55 x 10'* sec.-! 
for the c-absorption may be assigned to a kind of 
charge-transfer band due to the above chains. 

It seems to be the general rule that for compounds 
of the above type a charge-transfer band is observed 
with the electric vector along the infinite chains. 
This may be taken as evidence for strong inter- 
action between metal atoms in different oxidation 
states through the halogen. The interaction also 
seems to be closely related to the unusual stability 
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Ryvutaro TsucHIDA 
SHOICHIRO YAMADA 
Department of Chemistry, 
Faculty of Science, 
University of Osaka, 
Japan. July 27. 

! Tsuchida, R., and Kobayashi, M., Bull. Chem. Soc. Japan, 18, 619 
(1938); ‘The Colours and the Structures of Metallic Compounds” 
(Osaka, 1944). 

* Tsuchida, R., Yamada, S., and Yoneda, H., J. Chem. Soc. Japan: 
69, 145 (1948). Yamada, 8., J. Amer. Chem. Soc., 73, 1182, 1579» 
etc. (1951). 

* Tsuchida, R., Kobayashi, M., and Nakamoto, K., J. Chem. Soc. Japan, 
70, 12 (1949); Nature, 167, 726 (1951). Nakamoto, K., J. Amer. 
Chem. Soe., 74, 390, etc. (1952). 

‘ Brosset, C., Arkiv Kemi Mineral. Geol., 25 A, No. 19 (1948). 

* Cohen, A. J., and Davidson, N., J. Amer. Chem. Soc., 78, 1955 (1951). 

* Mentioned in ref. 5; private communication from Dr. Cohen. 

* Mulliken, R. S., J. Amer. Chem. Soc., 72, 605 (1950). 


Kornerupine from Rannu, Uttar Pradesh, 
India 


KORNERUPINE, & rare magnesium—aluminium boro- 
silicate, is reported for the first time from India. 
It occurs in a small band of coarse biotite-schist in 
the pre-Cambrian pink biotite-gneisses, about a mile 
and a half north-west of Rannu (24° 53’ 45”: 83° 13’), 
Dudhi tehsil, Mirzapur District, Uttar Pradesh. 

The kornerupine prisms occur in aggregates, which 
are sometimes radiating. Well-developed crystals 
with the characteristic faces were not noted. The 
mineral is light to dark grey, has a semi-vitreous to 
greasy lustre and breaks with an uneven fracture. 
Its hardness is 6-7 (Mohs’s scale); specific gravity 
of a fairly pure lump, 3-27. In thin sections, the 
mineral is colourless, non-pleochroic, with one set 
of indistinct, prismatic (110) cleavages. Fractures 
transverse to the elongation direction, usually parallel, 
are common. The refractive indices determined in 
sodium light at room temperature (32°C.) are 
N, = 16755 (40-0015), N, and N = 1-6905 
(+ 0-0005); N, — Nz, = 0-015. 2V, determined on 
a four-axis Federov stage is 17° (+ 1). Prismatic 
sections show straight extinction, and are length 
fast. The optic axial plane is parallel to (100) ; 
c= X,b=Z,a-= YF. 

Thin sections of the kornerupine aggregates show, 
in places, intergrowth with a few grains of green spinel 
and colourless corundum, both of which are occasion- 
ally surrounded by narrow plates of sapphirine 
(colourless to pale blue pleochroism). Euhedral 
sapphire and irregular grains of rutile are often 
present. Radial cracks are common around zircon 
inclusions. Two smal] sillimanite needles were noted 
within the kornerupine in one of the sections. 

Some parts of the biotite schist are rich in thin 
aggregates of short sillimanite needles; here spinel 
and corundum are rare and kornerupine appears to 
be absent. Where kornerupine is well developed, 
spinel and corundum occur only in minor amounts. 
The felspathized schists do pot show kornerupine 
and the associated minerals. 

Kornerupine has been reported previously in 
association with sapphirine, gedrite, corundum, 
sillimanite, andalusite, etc.1. The Rannu occurrence 
is apparently the only one in which the mineral is 
associated with green spinel. Further work on the 
mineralogy and paragenesis of the kornerupine is in 
progress. 
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Mr. B. J. Skinner, of the Department of Geology, 
Harvard University, has confirmed the identification 
of the mineral by X-ray analysis and I thank him 
for the same. This communicatior is published 
by permission of the Director, Geological Survey of 
India. 

M. V. N. Murray 

Geological Survey of India, 

27 Chowringhee Road, 
Calcutta 13. 
Aug. 16. 


1 Vogt, T., Bull. de la Comm. Geol. de Finlande, No. 140, 15 (1947). 


A New Type of High-Voltage Machine 


THE Van de Graaff high-voltage generator is limited 
as to its current output by the electrostatic charges 
which can be carried on moving belts. If a belt 
could be made to carry charged condensers instead 
of such surface charges, the current output would 
become much greater. 

This can be achieved in the following way. A 
series of condensers is attached to or incorporated 
in an endless moving belt and it is so arranged that 
they become charged on passing a certain point 
(A, Fig. 1), but later become connected in series as 
they travel away (B). In this way, it should be 
possible to add voltages together and generate very 
high potentials. 


e 





Fig. 1 


To test the principle, thirty 8-kV. porcelain tubular 
condensers of capacity 0-001 mfd. were mounted 
between two disks of ‘Bakelite’ board (30 cm. in 
diameter) forming a circle near the periphery. The 
terminals of the condensers were connected to brass 
segments fastened to the outer rims of the disks, 
and the whole system was mounted on an axle and 
driven by a motor. Two brushes (at the bottom of 
the machine) connected to a 7-kV. d.c. supply 
charged the condensers as they passed. Over the 
upper half of the disks a set of stationary wire links 
was provided which connected in series the thirteen 
condensers that at any moment happened to be at 
the top. The middle of this set of links was earthed 
to minimize sparking from either end. 

On rotating the wheel at 750 r.p.m., a discharge 
occurred between blunt wires up to a distance of 
11 cm., corresponding to a potential difference of at 
least 80 kV. It thus appears that very high voltages 
can be built up almost additively in this way, and 
with suitable capacity quite heavy currents should 
be available. 

Dr. J. E. Best has kindly directed our attention 
to an earlier reference! in which the same principle 
has been employed before, chiefly for the purpose 
of isolating circuits, but with no reference to the 
production of high voltages. 

We have now constructed a larger machine at 
Newcastle in which the condensers are stationary and 
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the electrical ‘contacts’ (0-5-mm. air gaps) are caused 
to rotate. Twenty condensers are used, each 1-5 mfd., 
and their terminals are connected to two circles of 
brass segments 18 in. in diameter, one above the 
other, surrounding the horizontal disk carrying the 
rotating contacts. As this disk rotates, thirteen of 
the condensers are connected at any instant through 
the sparking contacts, so that their voltages add 
together. The disk, which is made of ‘Tufnol’, is 
driven by a motor at 600 r.p.m. 

Charging the condensers is carried out by a pair 
of contacts connected through slip rings to a d.c. 
charging voltage. The brass sectors are spaced to 
prevent sparking between them, giving an on/off 
ratio of 0-52. 

The machine operates smoothly at charging volt- 
ages of 1-8—2-8 kV. and gives a steady current to an 
X-ray tube of 5-10 m.amp. The step-up ratio was 
rather less than expected. Thus, charging at 2-3 kV., 
the open-circuit output was found to be 26 kV. 
instead of the calculated 30 kV. When current was 
drawn from the machine the voltage dropped by 
2-3 per cent per m.amp. instead of the 1 per cent 
calculated. This may, in part, be due to the rather 
unsteady discharge at small currents. 

Preliminary observations of the voltage wave-form 
indicate that instead of each pulse being of a steady 
‘square wave’ shape, it is broken up into about ten 
separate discharges. This is probably connected with 
the irregularity of sparking across air gaps. 

This communication is published in the hope that 
others with wider resources will continue to investigate 
machines of this kind. We have no desire to reserve 
the field. 

R. E. D. CiarK 
Department of Science and Technology, 
Cambridgeshire Technical College and 
School of Art, 
Cambridge. 
F. T. FARMER 
Radiotherapy Department, 
Royal Victoria Infirmary, 
Newcastle upon Tyne. 
Nov. 3. 


1 Brooks, N. W., and G.E.C., Brit. Pat. 615,898 (1947). 


Artificial Increase of Electrical Breakdown 
Strength of Air at Low Pressure in the 
Region of 300 Mc./s. 


Ir has been known for some time’? that the 
presence of a d.c. bias voltage can, under certain 
conditions, modify the electrical breakdown strength 
of air at low pressures and ultra-high frequencies. 
Published information, however, has been restricted 
to exploration at very small gap-lengths and pressures 
in excess of about 59 mm. mercury. Further measure- 
ments have now been made covering a range of 
pressures from 5 to 120 mm. mercury, and of gap- 
widths from about 1 to 4 mm., at two frequencies, 
227 and 379 Mc./s. Under these conditions, the 
superposition of a moderate d.c. stress on the 
ultra-high frequency alternating stress can increase 
the ultra-high frequency breakdown stress quite 
considerably. 

If the breakdown strength of a gas is examined as 
the frequency of the applied stress is increased, two 
discontinuities are found to occur during the diminu- 
tion of strength which has been observed to take 
place between very low and ultra-high frequencies. 
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These are generally believed to mark the regions 
where the average amplitudes of oscillation of free 
ions and electrons respectively become comparable 
with the width of the gap. As soon as it becomes 
possible for an electron, for example, to have a free 
life in excess of half a period of the applied stress, 
then the conditions necessary for the rapid build-up 
of an electron ‘avalanche’, the prerequisite of break- 
down, are attained more readily. The measurements 
reported here refer to a region where this condition 
exists. If, under this condition, steps are taken to 
increase the rate of loss of free electrons in the gap, 
for example, by applying a constant d.c. stress, so 
that free electrons are being constantly ‘captured’ 
by the anode, then the onset of breakdown will be 
delayed, even though in alternate half-periods the 
total stress is increased. The effect will not be noticed 
at any frequency so low that the avalanche has to be 
formed during one half-period for breakdown to 
occur. 

The scale of the effect is illustrated in Fig. 1, 
which shows typical results obtained under one set 
of conditions. The effect is large enough to find 
practical application as an inhibitor of breakdown 
in electronic equipment required to operate at high 
altitudes, particularly if space is restricted, so that 
gap-widths cannot be increased. 

Measurements were made using an evacuated 
resonant concentric line, which itself contained the 
breakdown gap, the alternating and direct supplies 
to which were isolated by conventional means. 
Ultra-high frequency voltage was measured by means 
of a small probe and diode rectifier, the probe being 
situated in the line, in the plane of the gap. Calibra- 
tion was carried out at lower voltages, where it was 
possible to use a directly-connected diode rectifier. 

The full results, and a quantitative analysis based 
on the above theory, are being published elsewhere. 

Acknowledgment is made to the Chief Scientist, 
Ministry of Supply, for permission to publish this 
communication. 

G. W. E. Stark 
G. L. FouGERE 
Royal Aircraft Establishment, 
Farnborough, Hants. Aug. 20. 
Varela, A. A., Phys. Rev., 71, 124 (1947). 
* Pim, J. A., Proc. Inst. Elect. Eng., 96, Pt. III, 117 (1949). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 





Monday, December 6 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road. London, W.12), at p.m.—Dr. Donald 
Hunter: ‘Hazards of Handling Toxic Substances in Industry’’.* 

INSTITU TION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.30 p.m.— Discussion on * ‘The Applications and Limitations 
of Electronic and Other Computers 

SocreTY OF ENGINEERS (at the ‘Geological Society, Burlington 
House, Piceadilly, London, W.1), at 5.30 p.m —Mr. Cedric Marsh : 
‘Aluminium as a Bridge Material’’. 

ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting 
with the LONDON SEcTION of the SocreTy OF CHEMICAL INDUSTRY, 
in the Chemistry Lecture Theatre, University College, Gower Strect, 
London, W.C.1), at 6.30 p.m. ee. J, Grange Moore: “The Value 
of Work Study to the Chemical Industry”. 


Tuesday, December 7 


Ross INSTITUTE OF TROPICAL HYGIENE, INDUSTRIAL ADVISORY 
COMMITTEE (in the Council Chamber of the Rubber Growers’ Associa- 
tion, 19 Fenchurch Street, E.C.3), at 2.15 p.m.—Discussion on ‘‘The 
Training of Laymen in Tropic al Hygiene” 

INSTITUTION OF CIVIL ENGINEERS (at Great George 
minster, London, 8.W.1), at 5.30 p.m.—Symposium 
Buildings’’. 

UNIVERSITY OF LONDON, BRITISH POSTGRADUATE MEDICAL FouUNDA- 
TION (at the London School of Hygiene and Tropical Medicine, Keppe 
Street, London, W.C.1), at 5.30 p.m.—Prof. F. Bergel: ‘Some 
Chemical Aspects of Abnormal Growth’. (From a series of Lectures 
on “The Scientific Basis of Medicine’’.)* 

SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
(at the Chemical Society, Burlington House, Piccadi)ly, London, W.1), 
at 6.30 p.m.—Prof. P. J. Flory: ‘‘The Structure and Properties of 
Polymers’’. 

INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION GROUP (at 
1 Birdcage Walk, Westminster, London, 8.W.1), at 6.45 p.m.— 
Discussion on ‘Recruitment to the Engineering Profession from the 


” 


Secondary Grammar Schools’’. 


West- 
“High 


Street, 
on 


Wednesday, December 8 


PHYSICAL Society, CoLour Group (in the Physics Department, 
Imperial College, Imperial Institute Road, South Kensington, London, 
S.W.7), at 3.30 p.m.—Mr. J. D. Moreland: “An Jnvestigation of 
Peripheral Colour Perception by Direct Comparison between Peri- 











pheral and Foveal Vision”; Dr. M. Gilbert: ‘Acuity to Coloured 
Letters”. 

BRITISH SOCIETY FOR THE HISTORY OF SCIENCE, PHILOSOPHY OF 
SCIENCE GROUP, NORTHERN BRANCH (in the Senate Committee Room, 
The University, Manchester), at 4.30 p.m.—Sir Geoffrey Jefferson, 
F.R.S. : “Personality Changes in Cerebral Lesions’’. 

INSTITUTE OF PETROLEUM (at Manson House, 26 Portland Place, 
London, W.1), at 5.30 p.m.—Dr. C. C. Hall and Mr. A. H. Taylor: 
“Design and Operation of a Fluidized Pilot Plant for the Fischer— 
Tropsch Synthesis’’.* 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
5.30 p.m.—Dr. Archibald Clow: ‘Distinguished Men of Science”. 

INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISCUSSION 
CIRCLE (joint meeting with the EDUCATION GrovuP of the INSTITUTION 
OF MECHANICAL ENGINEERS and the INSTITUTE OF PHysics, at Savoy 
Place, London, W.C.2), at 6 p.m.—Discussion on ‘‘Kinetic Theory of 
Gases for Engineering Students’’. 


Thursday, December 9 


PHYSICAL Society, Optics Group (at the Imperial College of 
Science and Technology, Prince Consort Road, London, 8.W.7), at 
2.30 p.m.—Dr. A. Maréchal: “Improvement of Contrast of Details 
in Optical Systems by Filteri Spatial Frequencies”; Dr. E. H. 
Linfoot : “‘On the Information Theory of Optical Images’’. 

INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS (at the Smith- 
field Show and Agricultural Machinery Exhibition, Richmond Hall, 
Earls Court, London), at 3 p.m.—Mr. C. Culpin: ‘Ventilated Silos 
for Grain Drying and Storage on the Farm’’.* 

ROYAL Society (at Burlington House, Piccadilly, London, W.1), at 
4.30 p.m.—Dr. F. P. Bowden, F.R.S., and Mr. K. Singh: ‘Irradiation 
of Explosives with High Speed Particles and the Influence of Crystal 
Size on Explosion’; Miss A. I. Bailey and Mr. J. 8. Courtney-Pratt : 
“The Area of Real Contact and the Shear Strength of Monomolecular 
Layers of a Boundary Lubricant’’. 

PHysicaL Society, Low TEMPERATURE GROUP (in the Science 
Museum Lecture Theatre, Exhibition Road, London, S.W.7), at 
5 p.m.—Dr. N. Kurti: “Nuclear Alignment”. 

INSTITUTE OF FUEL (at the ——— of Civil Engineers, Great 
George Street, London, 8.W.1), at 5.30 p.m.—Mr. J. K. Matthews : 
‘Note on the “Optimum Degree’ of Coal Washing’’.* 

Str THOMAS MIDDLETON MEMORIAL TRUST (at the University of 
London, Senate House, London, W.C.1), at 5.30 p.m.—Prof. Kenneth 
Mather, F.R.S.: ‘‘Fundamental Science in Agricultural Research” 
(Second Middleton Memorial Lecture).* 

UNIVERSITY OF LONDON, BRITISH POSTGRADUATE MEDICAL FED- 
a (at the London School of Hygiene and Py Medicine, 

cepeel Street, London, W.C.1), at a ce f. A. Haddow : 

Theory and Ap lication of the Nitrogen oan (From a series 
of Lectures on “‘The Scientific Basis of Medicine’’.)* 
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UNIVERSITY COLLEGE, LONDON (in the Chemistry Theatre, Gower 


Street, London, W.C. 1), at 6 p.m.—Sir George Pepler : “Geddes 
Contribution to Town Planning”.* 

SocrgTY OF CHEMICAL INDUSTRY, MICROBIOLOGY GrRoUP (in the 
Large Hall of the Medical Society of London, 11 Chandos Street, 
London, W.1), at 6.15 p.m.—Meeting on “Industrial Uses of Enzymes’’. 

ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W.1), at 7.30 p.m.—Prof. George 
Macdonald: ‘The Medical Implications of the Volta River Project’’. 


Friday, December 10 


ASSOCIATION OF APPLIED BIOLOGISTS (in the Physics Department, 
Imperial College, Imperial Institute Road, London, 8.W.7), at 10.55 
a.m.—Scientific Papers. 

RoyaL ASTRONOMICAL Society (at Burlington House, Piccadilly, 
London, W.1), at 4.30 p.m.—Scientific Papers. 

INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, 8.W.1), at 5.30 p.m.—Dr. W. B. Carlson and 
Mr. J. D. McKean: ‘Cylindrical Pressure Vessels: Stress Systems 
in Plain Cylindrical Shells and in Plain and Pierced Drumheads”’. 

SOCIETY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS GROUP 
(at the Chemical Society, Burlington House, Piccadilly, London, W.1), 
at 6.15 p.m.—Annual General Meeting. 6.30 p.m.—Scientific Papers. 

INSTITUTION OF CHEMICAL ENGINEERS, GRADUATES AND STUDENTS 
SECTION (at Caxton Hall, Westminster, London, 8.W.1), at 6.30 p.m.— 
Prof. F. Morton: “The Training of the Chemical Engineer’’. 

SOcIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (in the 
Chemistry Lecture Theatre, King’s College, Strand, London, W.C.2), 
at 7 p.m.—Scientific Papers. 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Sir Charles Ellis, F.R.S.: “Coal and Smokeless Fuels”. 


Saturday, December I! 


BRITISH MYCOLOGICAL SOcTETY (in the rooms of the Linnean Society 
of London, Burlington House, Piccadilly, London, W.1), at 12 noon— 
Annual General Meeting. 2.30 p.m.—Dr. J. Ramsbottom : ““Mycology 
and the Amateur” (Pearson Memorial Lecture). 

London County Councin (at the Horniman Museum, London 
Road, Forest Hill, London, 8.E.23), at 3.30 p.m.—Dr. David Diringer : 
“The Origins of the Alphabet’’.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 
MASTER to teach GENERAL SCIENCE to Cambridge Overseas School 


Certificate level, at Markham College, Lima, Peru—-The Director, 
Personnel Department, British Council, 65 Davies Street, London, 
W.1, quoting “Markham” (December 7). 


SENIOR LECTURER (with a good honours degree, or equivalent, 
in mechanical engineering, and with some practical experience in 
industry and teaching) IN MECHANICAL ENGINEERING—The Principal, 
bok and District Mining and Technical College, Wigan (Decem- 
yer 7) 

ASSISTANT COAL SURVEY OFFICER, Scientist Grade I or IT (with 
a good honours degree. or equivalent, in chemistry or fuel technology, 
and preferably with experience in industry, laboratory control and 
the critical assembly of scientific data), at the Coal Survey Laboratory, 
Sheffield—The National Coal Board, Establishments (Personnel), 
Hobart House, Grosvenor Place, London, 8.W.1, quoting TT/869 
(December 10). 

ASSISTANT EXPERIMENTAL OFFICER (preferably graduate in chem- 
istry or physics) required for the Soil Survey of England and Wales 
to work on clay mineralogy by X-ray and thermal methods—Rotham- 
sted Experimental Station, Harpenden, Herts (December 11). 

ASSISTANT LECTURER, Grade B, IN THE PHARMACY DEPARTMENT, 
to teach mainly physical and inorganic chemistry to degree standard— 
The Principal, Brighton Technical College, Brighton 7 (December 11). 

GRASSLAND AGRONOMIST (Scientific Officer or Senior Scientific 
Officer grade) ; a GRASS BREEDER (Scientific Officer grade) ; a CEREAL 
BREEDER (Scientific Officer grade) ; and ASSISTANTS to a CYTOLOGIST 
AND GRASS BREEDER (Assistant Experimental Officer grade), at the 
Welsh Plant Breeding Station, Aberystwyth—The Registrar, Univer- 
sity College of Wales, Aberystwyth (December 11). 

MICROANALYST (preferably with previous experience in micro- 
analysis) IN THE DEPARTMENT OF ORGANIC CHEMISTRY—The Registrar, 
The University, Leeds (December 11). 

AGRICULTURAL ECONOMIST (graduate, preferably with qualifications 
in economics or agriculture) IN THE AGRICULTURAL ECONOMICS DE- 
PARTMENT—The Registrar, Wye College (University of London), near 
Ashford, Kent (December 13). 

ScIENTIST, Grade III (with a good honours degree or equivalent 
qualification in a science subject, and preferably with a sound back- 
ground in geology or chemistry), IN THE COAL SURVEY LABORATORY, 
Newcastle, for work which will include the preparation of detailed 
ee on the structure and physical and chemical properties of the 
coal seams covered by the laboratory—The National Coal Board, 
Establishments (Personnel), Hobart House, Grosvenor Place, London, 
S.W.1, quoting TT/874 (December 17). 

ASSISTANT EXPERIMENTAL OFFICER in the Department of Scientific 
and Industrial Research, Road Research Laboratory, Harmonds- 
worth, Middx, for editing technical publications—The Ministry of 
Labour and National Service, Technical and Scientific Register (K), 
26 King Street, London, 8.W.1, quoting F.728/54A (December 18). 

LECTURER IN EDUCATION—The Registrar, The University, Liverpool 
(December 18). 

METALLURGIST (with a first- or second-class honours degree) at 
the Ministry of Supply Royal Aircraft Establishment, Farnborough, 
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Hants, to undertake metallographic work on fatigue of metals with 
special reference to effects of different microstructures—The Ministry 
of Labour and National Service, Technical and Scientific Register (K), 
26 King Street, London, 8.W.1, quoting F.807/54A (December 18). 

LEcTURER, Grade II, or ASSISTANT LECTURER (with an honours 
degree in botany with subsidiary zoology) IN BoTANy, at University 
College, Ibadan, Nigeria—The ~ emo Inter-University Council 
for Higher Education in the Colonies, 1 Gordon Square, London, 
W.C.1 (December 20). 

BIRMINGHAM CHEMICAL Co., LrTp., RESEARCH FELLOW (with some 
research experience in organic chemistry) IN CHEMISTRY, to work on 
the chemistry of flavouring and aromatic materials—The Registrar, 
The University, Sheffield 10 (December 31). 

J. Lyons FELLOW (graduate in chemistry, and preferably with 
industrial experience) IN ANALYTICAL CHEMISTRY—The Acting 
Registrar, The University, Birmingham 15 (December 31). 

SCIENTIFIC OFFICER (qualified geneticist, preferably with mycological 
experience) IN THE GENETICS DEPARTMENT—The Secretary, John 
Innes Horticultural Institution, Bayfordbury, Hertford, Herts 
(January 1). 

UNIVERSITY LECTURER (with an honours degree in some branch of 
natural science and experience in teaching) IN VETERINARY ANATOMY 
—Dr. A. S. Watt, Botany Department, University of Cambridge, 
Downing Street, Cambridge (January 1). 

CHAIR OF BOTANY, a@ LECTURER IN BACTERIOLOGY—The 
Registrar, University "Callege of South Wales and Monmouthshire, 
Cathays Park, Cardiff (January 8). 

PROFESSOR OF MATHEMATICS, and a PROFESSOR OF CHEMISTRY, 
at the University of New England, Armidale, New South Wales, 
Australia—The Secretary, Association of Universities of the British 
— 5 Gordon Square, London, W.C.1 (Australia, Janu- 
ary 29). 

AGRICULTURAL OFFICERS (with either (a) a university degree in- 
volving specialization in soil conservation and at least one year’s 
practical postgraduate experience) or (6) a university degree in agri- 
culture or an allied subject and with at least two years postgraduate 
study or experience of soil conservation), in the Gold Coast Local 
Civil Service, for duties connected with land-use and anti-erosion 
measures—The Director of Recruitment, Colonial Office, Great Smith 
Street, London, S8.W.1, quoting BCD.63/13/04. 

ASSISTANT EXPERIMENTAL OFFICER (with at least H.S.C. or equiva- 
lent and a good general knowledge of electronic equipment, and 
preferably with some laboratory experience and familiarity with pulse 
techniques) at Fort Halstead, Kent, to assist in the development of 
high voltage pulse circuits, and to be responsible for a small electrical 
measurements laboratory-——The Senior Recruitment Officer, Atomic 
Weapons Research Establishment, Aldermaston, Berks, quoting 
303/W GE/2. 

ASSISTANT METEOROLOGIST (with H.S.C. or equivalent in mathe- 
matics or physics, and preferably with experience in forecasting) in 
Nigeria—The Crown Agents, 4 Millbank, London, 8.W.1, quoting 
M3B/34743/TA. 


CHEMISTS (2) (with a first- or second-class honours degree, 


or 
ci uivalent) at the ‘Central Laboratory, Chiswick—Staff Officer 


(F/EV.514), London Transport, 55 Broadway, London, 8.W.1. 

ELECTRICAL ENGINEERS and PHYSICISTS — at least H.S.C. 
(science) or equivalent) at the Ministry of Sup; pply ch 
Establishment, Malvern, Worcs, for research and development work 
on radio and electronic a Ministry of Labour and 
National Service, Techni and Scientific Register (K), 26 King 
Street, London, S.w. 1, quoting A.330/54A. 

EXPERIMENTAL OFFICER (preferably with a pass degree in chemistry, 
or at least H.S.C. (science) or equivalent), to be a member of a team 
carrying out research on inorganic materials, and to control junior 
staff carrying out routine physico-chemical measurements—The 
Senior Recruitment Officer, Atomic — Research Establishment, 
Aldermaston, Berks, quoting 72/W' 

JUNIOR SCIENTIFIC OFFICER withe ‘an honours degree in science, 

pharmacy or biology) for duties which will consist of technical work 
in the Blood Transfusion Service ow onrrog aaa Director, Blood 
Transfusion Service, Roby Street, Manchester 1 

MISTRESS (with an honours degree) to teach zoclogy to university 
entrance and scholarship level, and to share in the teaching of general 
science in the Middle School—The ee ge London Haber- 
dashers’ Aske’s School, West Acton, London, W.3. 

PuHysicist (with a "good honours degree, preferably with some 
research experience and a ae of electronics) to continue 
research on the arm packages—The Secretary, British 
= Research pio Bolg *Hedid Green Laboratories, Wythen- 

we, Manchester, quoting P.5. 

REcionaL TRIALS OFFICER, to work at Leeds University Farm, 
Headingley Hall, Yorks; and an ASSISTANT TRIALS OFFICER, to work 
at Norfolk Agricultural Station, Sprowston—The Secretary, National 
Institute of Agricultural Botany, Huntingdon Road, Cambridge. 

RESEARCH ASSISTANT (honours graduate, preferably with research 
experience) IN ORGANIC CHEMISTRY—The Secretary, University 
College, Exeter. 

ScIENTIFIC OFFICERS (with a first- or second-class honours degree 
in chemistry, and preferably with an interest in the phenomena of 
crystal growth, detonation or combustion), to study problems con- 
nected with the generation of detonation in high explosives—Senior 
Recruitment Officer, Atomic Weapons Research Establishment, 
Aldermaston, Berks, quoting 108/WGE/34. 

SENIOR LECTURER IN PHysics—The Clerk, Northern Polytechnic, 
Holloway, London, N.7. 

SENIOR LECTURER (with research experience in the electrochemical 

aspect of the subject) IN PHYSICAL CHEMISTRY ; a SENIOR LECTURER 
(with good industrial experience) IN CHEMICAL ENGINEERING; & 
LECTURER IN BIOLOGY to teach up to B.Sc. ancillary subject standard : 
a Grade B LECTURER IN CHEMISTRY; a SENIOR LECTURER (with 
good industrial experience) IN TELECOMMUNICATIONS; a Grade B 
LECTURER IN ELECTRICAL ENGINEERING ; a LECTURER IN PHYSICS; 
and a Grade B LECTURER IN MATHEMATICS—The Clerk to the Govern- 
ing Body, Battersea Polytechnic, London, 8.W.11 

TECHNICIAN IN THE ZOOLOGY DEPARTMENT—The Secretary, Royal 
Holloway College, Englefield Green, Surrey. 
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REPORTS and other PUBLICATIONS 


(not included in the Monthly Books Supplement) 


Great Britain and Ireland 


Transactions of the Royal Society of Edinburgh. Vol. 62, Part 3 
(No. 17), 1954-55: The Ecology of Exposed Rocky Shores of Caith- 
ness. By Dr. John R. Lewis. Pp. 695-724+4 plates, (Edinburgh and 
London: Oliver and Boyd, Ltd., 1954.) 10s (249 

Philosophical Transactions of the Royal Society of London. Se ries 
A: Mathematical and Physical Sciences. No. 924, Vol. 247 (20 Sep- 
tember 1954): A Photographic Investigation into the Disintegration 
of Liquid Sheets. By N. Dombrowski and R. P. Fraser. Pp. 101- 
130+plates 6-17. 30s. Series B: Biological Sciences. No. 651, 
Vol. 237 (20 September 1954): The Bajocian Ammonites of Western 
Australia. By Dr. W. J. Arkell and P. E. Playford. Pp. 547-605 +. 
plates 27-40. (London: Cambridge University Press, 1954.) [249 

Annals of the Cape eT: Vol. 17: Cape Photographie 
Catalogue 1950.0. Zone —30° to —35°. Under the directions of Dr. 
J. Jackson and R. H. Stoy. Pp. xl1+273. (London: H.M. Stationery 
Office, 1954.) 30s. net. v4 

= Report from the Committee of Public Accounts, together 

of the Committee of 22nd and 27th July, 
— _— -54. Pp. 44. (London: H.M. Stationery Office, 1954} 
& ne 


24 
Seventh Annual Report of the Advisory Council on scien ot? 
Policy (1953-1954). Pp. iv+23. (Cmd. 9260.) (London: H. . 
Stationery Office, 1954.) 1s. net. (24 
Ministry of Education. The Organisation and Finance of aloe 
Education in England and Wales. (Report of the Committee appointed 
by the Minister of Education in June 1953.) Pp. iv+67. (London: 
H.M. Stationery Office, 1954.) 2s. 6d. net. (249 
British Productivity Council. Industrial Engineering—Report of 
a visit to the U.S.A. in 1953 of a British Specialist Team on Industrial 
a Pp. xiili+116. (London: British Productivity your 
08. 
North of Scotland College of A ~— ture. Calendar, 1953-5 
Pp. viii+192. Calendar, 1954-55. 224. (Aberdeen : North. - 
Scotland College of Agriculture, 1953 ona 1954.) {1110 


Other Countries 


Fisheries Research Board of Canada. Atlantic Biological Station. 
General Series Circular No. 24: The Lobster Fishery of the Southern 
Gulf of St. Lawrence. By D. G. Wilder. Pp. 16. (St. Andrews, N.B. : 
Atlantic Biological Station, 1954.) [249 

United Nations. Annual Report of the Secretary-General on the 
work of the Organization, 1 ao 1953-30 June 1954. (General 
Assembly—Official Records : inth Session. Supplement No. 1 
(A/2663).) Pp. xv +120. ‘itew York : Ly ry Nations ; London : 
H.M. Stationery Office, 1954.) 1.25 5 Swiss francs. [249 

Publications de l'Institut National pour Titivie Agronomique du 
Congo Belge. Carte des Sols et de la Vezetation du 7 Be 
et du Ruanda-Urundi. 2: Mvuazi (Bas Congo). Boi fe 
Vegetation. Notice Explicative de la Carte des Sols oe de ry Veg- 
etation. Par I. Denisoff 

i. Planchette 1: 


VOL. 174 


with the Pr 


l’Etude Agronomique du Congo Belge, 1954.) [24 

Conseil Permanent International pour ies loration de la Mer, 
Charlottenlung Slot, Danemark. Bulletin et. hique pour 
P’Année 1949. Publié par le Bureau de Conseil Service phique. 
Pp. xii+85. (Copenhagen: Andr. Fred. Host et Fils, 1954) [249 

German Hydrographic Institute, Hamburg. Annual Report (No. 8), 
for the year 1953. Pp. 79. (Hamburg : German Hydrographic 
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